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Vagal and Splanchnic
Distension Sensitive Primary
Afferents from the Opossum
Esophagus: Implications for

Visceral Nociceptors

Raj K. Goyal, MD, Arun Chaudhury, MD

INTHRDUCTION AND
BACKGROUND

Esopiiages] seiisativns, like sciwations from
other viscera, are limited in the variery
of thelr specoram and precision as com-
partdd o curaneons sensatlons, All sen-
&0y information is coded and rransmitted
Lo thee GRS by primary sensory afferents,
Curametass pricnary afferenls convey a
variery of sensory informarion including
touch, pressure, plopedne discrimination,
temperature, and pain. Musculoskeleal
structures elicit propioceptive sensory
inforrmation wmd sensations of pressure
and pain. On the other hand, viscera are
goencrally insensitive w0 towch, heat, or
cutting. Tle viscers respond wo distension
and the sensory expericnce depends on

the degree of distension, Lipkin and Slei-
senger' showed that esophageal disten-
ston with a compliant balloon in aamke
persons elicits three types of regaonses,
A small distension pressures, reflex peri-
staltic contractions in the csophageal
Bady and lower csophageal sphincter
eekanation are produced without any sen-
sOry perceplion. Al modberate distenslon
pressurcs, prossure sensatiom withour
pain §s experienced. Bur av high disten
sigm pressures, subjects experience chest
discomdfort and pain.'

All sensory information from the
periphery w the CMN5 is conveyed by the
PLEMACY SCHSOry witils, A primary sensory
undt comsists of a bipolar neuron that has
a peripheral afferent axon and a central
ellerent saxon. The peripheral aferont axon
terminates in specialized perve endings
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thar copsime the SENseTy DECEPEOCS,
The sensery recoplors transduos stimuli
sich #8 mechanical deformation and
severs tissuc-injury into electricl Apikes.
The electrical signals from U sensory
recepiors are condaceed along Lhe
petiphenl affesent axan o The sesory
neussn and then akag the centrsl sen:
gory afferent. The ceniral sensosry affier-
ents make synapse with pther neurans
where it refeases neurolrdsmitier 0
activare the postepnaptic pearon. Thus,
(e sersocy idormation orgmating o
hie sEnsory reoeploT s corvered (o ihe
effector neusons that may b morsr mo
roma in case of monmynaptic refloos,
imermeurans ecived in polysymipric
peflexes o sepsory pativways i e O
for sensory percepricn
Dsoplagenl primary afferents, like the
pther visceral primary afferents, can be
divided ango intringic and exciatory pri-
muary afferents Based ao helr lacatiom.
Inirinsic primary afferaes anc Lowcanel
within the esophageal wall. The periph-
eral axons anse foom the endings in e
ceophagus amd reach el cell hadics
alse lacuted within the wall of the esaphs
apgus. The “cenarl’ alfesents oo rheesa
neEurons peeeject onko motor MEUncas
that wwe also presens In the esophageal
wall. Because the insrinsic primary affes-
s have o connections Wit tie TIN5,
they are ned irralved in sersory cxperi
ence ol stinmdl in the esephajss
Exrrinsle primary afferons, on e
atler hand, have sensory nee et (e
codings) locared with (he caopliagus;
rhe pecipleral limb al the affereil axon
comnecled 1o the sensory nooepror has
an antramural and an extrariaral coorss
er poute o the sensory nowrcms. The
senEory neurans are kot in the feclel
af rhe craal nerves of the dorsal roat
gangla ? The central axons project 1o the

rarget nearons in the brainstem of The
spinal cord. Based on Tl extrmral
course, the extrinse primary afferents
can he divided ingo vagal or sympathetic
primary afferents. The nerve cell bodics
of vagal primary afferents are located in
the nodose und tee gular gauglia; theie
ceitral projeclEons propect (0 0 NEImnms
Located in the ucleus omeies solitamus
(NS} Tlse TS mevirodss, in (e, prijece
cnto csophegenl motor excitatory and
imhibsitory neusons Iocaced in the vagal
gerve nucleous of the brain stezn The vagal
cxrinsic pranary afferculs are invaalvid
in vagovagal reflexes, On rhe other hond
splastiinic primary allerents anc carmied
alung preater and tesser splanchnic
ferves to dorsal #oor ganglsa C8 to L2
Their conipal axons project oo the sepr
menss of Hee spdnal cond (08 throwgh LE)
(Calor Phre i3t
O current understanding of the
visceral sensocy secepions, derived from
moephological and functicnal electoo-
phystolagic snadies, is rudimentary and
fragrmeatary. Morphologically, highly spe
clalized sensery receplors smilar 1o those
Found in the skin are mot present in e
viscera including the escpfiagus. Visoerl
sonsary pocoploss ane generlly nepre-
senbed by fres nerve crlings. Relativeny
recently, careful traoer studies hive shown
tar vagal afferemts rermionles in nerye
endings it are chstersd around the
mvenicric ganglia. These strcoures lave
heen called Intrganglionic laminar end:
ings CIGLEN. another Tepe of coding of
vagal afferents s called insimuscular
arravs (TWLAT than clister arounsd clroular
and longitudinal muscles (Color Plate 21,
Several different tvpes of sensory GG
encings have been described in the mo
coda S However, eir conneclions wilh
vagal =nd splanchoic afiorents are Bl
el undersiood, Sensny endings that

VAGRAL AMD SPLANCHMIC HETENSION SENSITIVE PRIMARY AFFERENTS

are connected with the splanchnic pri
macy afferenes are largely anknown.®

The mechannsensithye neCopions an

activated by mechanical deformarion that
cause depolirization of the endings and
clici spike discharpe mediored by i
chum channeds, The spdke dischangss ane
thien conducted along the afferent axon.
A single afferenl axon oy be conmscred
o several reoeplors which generally are
of the e irpe; however, some affer
culs gy be connected with reocplors
af different tepes and locaeed @1 different
sives, Oased on their oyeloation and
diamerers, these afferent axons can he
diveded it (173 nonnovelinaned C fibors;
(21 thigly wvelinased AB Ebers; acd (30
weellnmvelinaned AR fibers. Elecizophys
bogically, chese fibers can B identifed
by mensuring their conduction velock
ties. O filvers have conduction velocity of
hesa phan 2.5 s AL fibers huve conndu-
tien welociey of 2% to 25 mys and A
fitsers have fust conduction velocite of
grearer than 33 oy, The alfesent axans
froom the visocrs including the esepha

pus ane caceied along the wmgus and the
sptanchnic nerves. Electrical rocomings
trom Thee afferent axons provide i
rion onelectrical activiry generaged in

the sensory reeeplos 6 which they ane

oonectiod.

Tt sensory nerve endinigs ooolain wmd
release menrotransmicters il nodulace
thedir activity Mocicepdors ane acivaned by
prosducts of tssiae daoage stich as brady-
kinin and prosragiandins. Because all fonns
ol stimudi ther cause e damage acli-
ware these receproes, they ane muoldiscdal
in ranare, Modosplors wsoidly contin and
redease tachykinins such as substance P
they alw possess capsaicin peoepoors
and ave aetivated by capsalein. Chemical
mecarion of viscerl sensory recoptons
i cwrrenthy an actnee ekl of study, b i

& otsdide the scope of this revicw (e
alsn Pape & Blackslaw), !

Activation of sensery receptars pro
cnces @ host of blochemical andd elecuri-
cal responscs along the enting sScnsory
pathway and ullimately in sensory expe-
ticioes such #s pain or discamioet. The
smimnlus response studies of sensory
experience can only be done in oo
seiovs human subjects. Studies in awake-
buarmaes Jeave shown Cral disgension
prossuncs greater than 40 we 4% mm Hg
foor gresarer than 100 8 Inthe esxophagus or
the colon is expersenced as painful.’ In
anesthe tzed animals, distosion of e gur
with prossures grearer than £ 10 4% nmum
Hp eficit psewdo-affective respanses,”
These stiudies indicare that distension
pressures greater than 440 o 45 o Hig
can be consibered as noxiows, Sech sk
iz, havwerver, do ot provide infeemation
o U preciss clecuical signaling by the
SCIEOTY (SOCpLOrs,

In experimental animals, stionulas
response sudies of the sensory eoeplors
may be perfiormed divectly by quantifying
cloctrical spike discharges in the sensory
recepons elicived by appropriabe stimuld.
This rerqudnes iclerteficatinn af the putative
receptorn However, this = almost never
prasshle because locition amd identne of
the reCCpLirs arc 0ol I.IFI.H":F knoser.
Hiraeves, the spike discharges from the
sElsnry receptoes can be momitored By
rescirdings made e primary Seasory
afferents that are coorectod with the
senstry receplons, Sach recondings can be
amele Goan the periphersl sensary axon,

sCRis0CY Deumn or the central sensory
awnn (see Color Plate T The chectical
apiice actavity from Ehe primary Sensory
afferciut i respons: W 4 known stinulas
has been recorded in many different
wive Homeser, reconding from a dngle
sengory fiber or sensory eoaren 5 very
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tedious and time consameng, bul ie e
casary o albilain the most relibde results.
A puLalive sensary reodplor cun a[il}
be identified unless an appropriale and
adeyuene stimuhus for the activation of the
sensary receptor is appiled. For cxample,
5 search stmulis of less than £0 mm Elg
distension would overook afl mociogp-
pors, Furthermore, pooper chamctefizg
1o of the receprors requing aoguisithan
oof cata shavwing Use quantitative changes
in responscs o application of graded
imtemsities of the stoodi, simdlar b ob-
taiming cose responss CUFVES pleirma-
cologic investguions, Thene have been
several shadies of viscernl and esophageal
sensory neceplors connected w the pri-
mary affereiits Flameever, quantstalive
stimulus response studies of distension-
sensitive receptors connected o differ
ent nerves from several diffevenr viscera
were not reported wncll ke 19805 These
nchxded spadies of distension saitive
receplors connected (o vagal affersr in
U dog? and the apossum.? Distension:
sensitive receplors locaccd in Use splan-

cinic nerve have dlso been studied in
the opossum,'™ dop colon,"” guinca-pie
reter’? and urinary hladder ™

ESOPHAGEAL DISTENSION
SENSITIVE RECEPTORS
COMMECTED TO VAGAL
PRIMARY AFFERENTS:

LOW THRESHOLD
MECHANORECEPTORS
(PURE
MECHANORECERTORS)

Stimulus Response |
Characteristics ]

Senpupts 1 Al publiEbed  detalled study
af guantitative admualus response clar-
acteristes imvalsing graded csophageal
distension by peeonding elecirical spike
discharpes in single afferal axons in the
opossu (Fig 4- 12" In this stsdy, Glees
t the perdpbenl end of the decenteal-
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Flg 4=1. Vagal low Mreshoid mecnenoreseztorn [LT-4), Differmntal sensltivity b brady-
kinin of esophageal distansion-senglbve mechanareceptors in vagal and symrpahelc
afterans of the cposswm., From Sengupta &l al™
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mzeed vagal nere irunk wiere beasod v is-
b single fibers o ensure tar anly the
afferent fihers were heing snsdied. Filbers
that responded o esophageal ballnon dis
lension of greater than 80 mm Hy wone
ivchuded in the smudy. DHsicnsion prosson
of grearer Than B0 mm Hg was consid-
cred 1 represent sdequace stimuolus for
all distension senstive nonenociceptive
and nochos prive mochamaonoc cpeors. Th
Balloomn vsed o csophageal distension
vt Dl compliang se U e reconded
peressune reflecied e pressure exered
an the csnphageal wall. in mecharesen:
sitive single afferent fiber so klemtified,
stiulus-response relalionship (rele of
spike discharge as 4 function of various
degrees of esophageal distension) was
estahlished o determine the threshald
value of the pressure that activates the
senscry recopbor and (we pressure that
elicits peak discharpe e,

All wagal afferents had spoataneos
vty varylng from 1.2 o 25 Hewith o
mean value of 7.5 £ 1.0 He Thresduold
janessant o e licht cloctricd spike dischanpe
it the vl alferent s wss low with
A mean value of .29 £ 017 mm Hg. The
spike mre increased with mcreasing dis
tensicn pressures, reaching a peak dis-
charge mate of 46 b6 59 He depending <o
the wpe of distension aed increased no
micre with Furier disrension. The disnen-
s pressnre ar which peak discharge
rate was achdeved was culled the satum
Lion pressure. The safunilion prossan: of
distension sensbive vagal reocpiors was
Tib o Hips witly stepovise aid 50 mm Hyy
with graded distension,

These results were =smilar to those
repartcd by Satchell® and reveabed that
funciscnal befurvsor of vl dEstenson
sofisilive ceophapsil Sensory FeCepLors wl
o and opossum cEEphages were simi-
lar, They wese characterzed by {8 b

tapcsbiold of actdvasson; (2% o marmow
simulus respomse relationship in which
rhe ninin disclarpe se ncrekses with in-
creasing esophageal distension pressure;
amdd (3 the discharge rate reaches 2 peak
{=iuraes) ae pressures wethin the phys
inlopic range and hether mencase in poes-
suire dhoses 0o okl e dischange rle,

Cther Characteristics

1. LNstension scnsitve vagil sensory
recEnEnrs ane inseries miscke rensaon -
coptars. Tension receptors @nche somaric
(sumled) muscles bave been broadly
chivided fito iivserics and in-pacalled rooep-
tors thar are present in sedies or in pasak
lel wath the contractile elements, Ginlg
tendon organ in the striated muscle rep-
rosend ins Criey bension roceplors wheroas
enuEChe spindles represcol irrpacdle] ten-
sk PeCepora. Lise rics 1ension meplors
Monicor msschks Coniracien whereds in-
praralle] venesiom rese priors maonioos stretchs
ing of the tissoes around the moscles
The inFserics tension receplors ane e
during muscle Coirachon as well as
stretch wwhereas in-paralle] Tension recep-
tors ane acthee during seetch bar ane
e Hvee during mesche conraction. Esopl
apeal dislemsson ey sciivate bath insaerics
and io-parallcl rension SEnsary receplons,
Lengupta e al” investipared srhether the
vagal sensory receprors were in parallel
or in series wnston recepiors by invesd-
EMEnE thede activation by muscle conbrid-
riceen, Theery Founed that the vagal recepors
were fully actisated by esophagsal peri-
siltlc contraction suggesting thar dhey
are inscrics muscle tension recepoors.

I, Bome dastension sensitive muscie
TEnSiCHE Focep oS sl nrucss] eosplocs
may shase & comisa vagal afferent axon,
the disrension sensitive vagal sensory

45
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st s Couded Lee bocaled in(Ewe mc g
meapnacicg o mocosal soretch or pres
sure of ihe musches reapoieling 10 [ensien,
Sruulies by Senpupta ot al® shoowed thas
the vagal distension sensilive PEceprors
alse peapsorded b contrction of esophea-
geal musdes, sigpesting rhar the sensnry
eeplors may o prioarily associsd
with the mmsdies and not the mucosa.
Homeever, Modida o 3™ found tat csopdhe
apeal perfasmon increased spoatznecss
acriviry of odae thind af The Fagal ivechard-
senaitve mecepeors. These abservations
suggest thar a peaporrion of disgension
similive vapal axoms ore branching in
nature ancd ane conises ped e both nnscls
aed muocsal roocptors. These obserare
tions are conssEns with those repomed
eartier by Pape of " who showed in
their studies, in an in wioro svsoem, thar &
poopsertion of circular stretch sonsdtive
wigl recepoors weere alsn acrhaned by
im0l strobcing with a vom Frey boush.

4. Separate populations of disension
senslive vagal meoigiors Ane assiciancd
with carcular and longitudinal muscle lay
ers, Lengupra e al? investiparsd whether
the vagml ineseries lension neoEpaoTs wene
associared with circubir, longitudice] o
both muscle byers. During o saealloner,
bioth circular apg lodginadina] miscle
lavers of the csophagus contracy. The
curcular muscle segments contract fof
a £horier durtion than the longitudical
muscle, the laicer conmracas cheaoghaour
the peristaiie: soquence. Seaggupia et al?
sheerved thar during seallow indnced
periatakkis, wgal allonimi unsts sbowed
twrcs s of splice discharges (174 Shiort
duraricn =3 s apike dischanpe corne-
Lited with crcufar muscle consraction;
amd (2 a larsg duraticn (= 10 sec spike
dhisctnrpe thet cormeloped weith beogimd
mal muscle conbtacliog, Tlese ofserve

s slurw thal separace popualations of
vagal sensOry feoepiors ane presenl in
circular dmed hnygitudinad muscle liners
and sugpes thai precise fnfeomstion re-
gBarding comraction of circular and hoog-
tudinal muscle lavers is sent 1o the CN5
This infarmaricn may be unpoct in
e inodudwion of perisaltic scivioe

4. TwacFiipin chemosamsitivity of due
il SOy noocphbors: Bradykinin is an
algogenic Comp e it pEspOmsvE DS
o bealyReinidn {HED is samietimes used o
distinguish berween  non-nociceptive
anud nowicegdive receptors. However, this
TSPLNSE TS VY SEnsirive in exper-
iments pepocied by Sengupta er al ™
Unly 663% of the receprors pespooded
and the mazimal reapenss was onky 3509
afl the maximal responss W esophagsl
distensicn, There wis no pobeephylams.
The bradhidmin respanse aiv the wagal
ASENEONY reveplors was suppressed by
inldbvition of the muscle conrmerion,
These datn supgested Mat BE does oot
atimudate the vagal sensorv receprors
clirectiy, it only indisectly by stimulat-
ing boopmtudiog]l muscle congraczion, '
These studies smphasize s imporiance
of dose response siodes and exclusinon
af Irlirect effece of nocicsplive duemi-
cals bl oy be used o jdenticy noc
CEPHVE SERSONY VECepinrs. Sengupla alsa
maide an intrguing and potencialty impos
tand abservation thar bredyvkinin caises
cormraction of longitudinal bt naoc the
circebr exaphageal moecle gndd ooly the
wagal sensory receplors associvced weth
the caophageal longimdingd muscle Lasey
were indirecily aonvabnd by hradvkinin.

5. Marphologic identity of esophsa-
@l disrension sensiive vapal scnsory
reee s

The elecrmphvsialogic sadies de
sl absos znd other smidies shawe shar

- ST — I T -

e

e i LA
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esnphageal disengon jdentifics o sinple
pupsdation of in seriss muscle rensian
recepoors. Thowever, morpbaelogse stud-
ics lmve shown that the vagal afferenis
end in twa diffcrent types of specializea
cradingss assoctarsd wich the muscle byers.”
These have been called inrragangiionic
Larnisiar endings ¢ GLE ' and inlmacnas
culur aznays (IMA) P Correlarive smcmire
fiencziom studles have shiown that 1GLE:
arc abes al ochianosensitive sSgnal trans
duction.™ although similar soifics ant
ot svailalske fod IMA, B can be assumed
that they elsa represent vagal mecuans-
semsary peceplees, Wherher the funcion
alty defimed in seres musche onsseo ane
comueried 10 [GLEs ar I'MA ar both has
mat heen clear Tascd an the diseribugion
ol 1he g ocphclogic vagal recepoor
tvpes, it has been arpucd that 1615 and
vl [MA rransduee #n serles musche wen-
sin recepriors and mmy repeesenl @eca-
phrysialogic distension sensitive in series
rension receprors. ™ BGLES e present in
arud around e myenteric pleos o the
plane berwecen the lomgitudiogd &nc i
cutar mascle layvers.'™ ™ As such, this
Joscavion is mot suitahle for Thesr fancricn
i in sefies mMuscle fensm receplons.
Iz ks been sugpested fan they are acmi
vylesd by shearing wress causod by the
comrrcton of s Loogituedinal and che
circlar muscle Layers Howewer, exis
teroe of sueh sheacing stiess is highhy
spcularive and has not been defined ar
docamienied, Moseover, ohservaricns thar
separare populzoons of dislension scn-
silive recepiors may L associated with
longimidinal mmwscle and circular musche
cailractios, caniet be explained by the
role af HGLES 25 in sericd fensiom reod-
tars” IMAs hive boen proposed as
arallel muscle tension receploes 1230
Herssewey, inrpa kel muscle tension recep-

pors hgve pol Besi clearly wlenrifled in
the clectrsphysdeloggic studics. This fuay
he due 1 the Jace shai the same vagal
afferent is connocted with IGLES and
IMAs. Althonzgh this may be cuse moa
small meapdeer of Cises, it B ool 4 oodn-
mean occarrence S We belleve that the
st likehr peasonn fon guot fincing, in par-
allel tension recepoor is that they hase
v, e properly explored using stimuli
thar are adequate and specific for acivi
thon of in peiralled tension recepenTs. I is
clear chat further studies are peedssl
derermine Mnctional hekhmdinr of 1GLEs
aral ThdAs.

i, Chheer aypes of vagal s=nsary recep
tors: At fraom the distension sensitive
in-series tEnsion receprons, vagal afferents
oonneoted o atlwer crsery recepIors ant
Al prresent b all of them have no yet
been charcterized. Fascicnal idetiny
of Im pasaliel rension recepionrs remalns
to b exmblished. Yo ol al® iinestigared
electrical dischargss in vagal (modose amd
Jumzular garglion cells in the uppes sl
#Eus of the guinea peg in a carefulby
desipgnied in viteo Systern, They o thar
apart from the o threshold mechono-
reorplors wilkl prinsiry Sensocy nennmns
preseacin che nodose gangdia, thene wene
alsn recepiors wilh propenics of wide
chvnamic range rece piors with ool hodaes
proeenl e jupEdar ganghon, Seven! oiher
types of vagal polymodal receptors uve
been identified in the upper csophagas
thor may medione nocifensive nefloes
and allective companenr of pain (eg,
nanseal. Howower, ot the prosent dome
there B fo evidence 1o suggest thar the
cormacious discriminative sensation of
{udin i medianed via the vagal recepoors.”
Sevenl types of mucosal recoplins dre
alen consnected W vogal afferencs thar ane
stimnubated by esoptegueal distenseon.



ESOPHAGEAL SENSORY
RECEPTORS COMNECTED

TO SPLANMCHNIC PRIMARY
AFFERENTS

Stimulus Response
Characteristics

Splanchnic sensorny receplors displayed
stimuthas response relationships that were
viry different from the wgal sensory
reoeplors. As compared o the vagal sen-
00y recepenrs, splanchnds rece prors v
characterized by 1) no orvery low leved
spontaness activiey 028 + QUG (range

0-2.6 He 2 hgh shreshold pressure for
activabion Jmein 16,2 + 2685 mm Mgk (3
the spillee dschaipe imcnesded with increas
ing esnphageal distensdon up oo 120 mm
Hg without any distingt saouraton pres-
suipe) and C4) lowe discharpe e (14,87 £
1.5 Hz} even st pressures off 120 mm Hg,

A carefal examination of the data
revedlid ghat although the saturaion
presaures of thess wdts were vary close
eagether, they had a very widely diver-
genn thaeshold pressures, varying from 0
Lo 30 mun Hg. Distribution of the thresl-
old pressures suggested that there may
b at leass two differcin populations of
the resciceptors (Fig 4-20.° Based an thelr
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Fig 4-2, A, Frequency hislograrm ol threstold of 35 splancanic | nerve units. Twi
peaka ol the dsiibulion pkd indicate 2 separats populations of fibars in respect 1o thair
pressure thrashold. First group of fibers e low threshold rarggng fram O b 10 e Hy
and 2red growp of fibers s kigh threshald with & range of 18 1o 50 mem My B, Least-
squanas linear regraggion plot of kaw- and high-thrashokd teers, Regression linas were
onginated fram Y-caloulated valuas denved from mean freguency respanse fimpulses)
of fibers, Lines ware exrapolated to ordingle {mm Hgl to obtsin treshoki pressure.
fvariga threshald pressunes far lewe- and high-fireshold fibens wene 208 = 0,75 and
33,26 £ 0.54 rm Mg, respectively, From Senguple at al'?

rhreshald pressunes they were divided ineo
low theeshold and high rheeshold nvpes.
The loee dlarcshaodd IVp< ACHve Ve A VEry
wide moge of dstension pressuses from
noreraxbous o noxious and were Hens
fore calbed widle dynomnyic rnge mecham
nacicepbors (8 TR MM ). The high thresh
ol 1néis wrene active primarily in the ange
off i s disternsaon pressures and wene
therednne called high theeshold pocicep-
wors {HT-M} or sgecific nocioeprors,

Wide Dynamic Range
Mechano-Nociceptors
(WDR-MN)

The WHER-MMN were ¢ilher sibenl or load
2 how sprike discharge mote of 005 20013
at rest; their threshold pressure was
28D ¢ 0.7% mm Hg (range (-7 mm He)
(Fig 4-30.5 The spike dischasge increased
propressively with inereasing distension
predswns wp b o pressure of F20 mm Elg
without shomving any signs of satucation.
The spike discharge e 2t 120 mm Hg
distension pressure was 128 £ 2 Hz

Al receprors were stimubited by beacy-
ki weitly 4 lapge senstivitg The action
af bradykindn was cxerted dincctly on
L sensory peceptor and sheraned partial
lachyphybaxis., Brlykinin exerted i
effect via bradvidnin 2 type receptor,

Eespanse of these recepiors to physi-
nlogis peristaltic conirction showed thar
they wers activared doring petistaltic
COpteEctons. Hevweever, all the usnsts esied
wend found to be in assoediatson with the
longitudinal muscle; no unit associated
with circular muscle was found. A larger
sample size |5 neoded o deawr fiem con-
chesions, bur thess observations suggest
rhiar WEHEMMN may prioarily be prescnl
a5 dFECries Lension receplons in the lon-
gitudinal muscle Layer of the esophagus.
The morphologlc dentivy of WHE-MN is
nat kriosm

Splanechinic WEH-MM are exsily distin-
grished (oo the vagal LEM becise of
their loweer spantaneous discharee mie at
hackground, higher threshold pressure,
activity at a wide mnge of pressanes in
non-noEies 10 NoMUS rnge, Sanransa
pressune geeiter than 120 mm Hg and a

)

IR e .

Trrwphzld=3.4 320,50 (n=13)
"

L]0y

Impuisesfs

fraasury

-

Fig 4-3. Splanchnic wida dynamic rsnge mechans-naccepler (WOR-BN), Diflenasn-
lial sensfivily to bradykinin of esophageal distensian-sansiiva mechanomsoeptans in
vagal and sympathelic afferenis of the opossum. From Sengupta et al.'™
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slveetr discharge mte at 2l distensicn
pressunes compancad o LT (F =4 wcl
Tabde 4- 17319 Moreowver, WHE-MMs wene
arly weakly activared by phpsislogical
peristElic comimctions m they appeancd
v b primarify assocaced with longiodi-
mal sl e

High Threshold Nociceptors
(HT-M] or Specific
Mociceptors

The HT-M lsid small spomtancons actinty
of 0,15 £ 0,07 Hz andd rheesholid pressune:

af 33206 & 0.5 man F {19-50 mm Hgh
(Fig -5 The spioe discharge increased
progeessively with increising disbension
PrEREADE up Lo A pressure af 120 mm HE
withome showing any sigies of e,
The spake dischiaree mie ar 120 mm Hyg
disten=zion pressure wss 1387 £ 1.24
isee Fig 4—4 and Table d-13" &ll recep
tors werne stimulabsd by bradvkinin with
exrneme sEnsiEvily. The action of bradyvki-
mun was exeried direcsly on rhe sensory
receptar and shon) partl tachephy-
faxis. Bradykinin exested s effect via
bidplcindn ¥ ype mecepor Response of
thecer piaeptars ro physiologic peristaltic

WAGAL AND EFLAMNCHMIC DISTENSION SENSITIVE PRIMARY AFFEREMWTSR

Table 4-1. Summary af Esophagaal Distanslon-Sensithee Senscey Faceptons

WLH-MN

Location af afaramis wagal spinal spinal

Fiber diameter Afinrs Al G Afiar

Spanianaous aothiby WA milerd: ar e sileant ar wary low

Threaksald preaaurs very o L tisgh

Saturatian pressure <0 e Hg =12 mm Hg =120 mm Hy

M. dischange rate EQ Hz2 12 He 1 Hz

Activation by asophogeal  yos Somi mes i

pariatatuin

Ir saries or inn parallal in sarse In szrzs LA,

Assoclaton with mvedks Ecparxia for CM LW B,

layer and LM

Response bo BE o gl wary high

sensitivity

Direst or Indirect effeot A e diradt dirgh
poirsion

Tty phrylanis TG parizl pariis

Aecepior type B (B Bga 2k

Proposed function Fura Beth rechang- Hpactic
mechanocepions AR ROOGSPOOPE nockoephors

LTRA, lzrw lessitazhe moschcnocaphan, WDE-MA wich dyramic mnge sechangmosiceslon BTN, high

sl resayrieT,

A -
T L—LI
3
§ =}
Z
1
{ L=
= ',..-" | 1 1 ]
44 = 120
i staraion pressure {mmdkg)

Flg 4—4, Three iypes of esaphagesl disiension sensive
ranapiors, Stimulus respones forcion studes of esophagral
rrechanossnstha nocogpiars in sympatbatic slierents o
apgeEdn, From Sengupta al al

cimILniction slxsved that nooe of recepeor
examined were actvabcd dirmp perestaln
conlractions, However, HEN responded
i =rong oogituding] muoscle stretch

Furibser atudies are nesded o draw Go
conclusions, but these alservalioans sug:
sl Ul HT-W may primarily be prosend
as inseries tenaion reocpods in the lon-
finsdingl muscle lover of the ceophiams.
The morphologic idenrity of HIEM s
10, BT

HTH conbd por b distingaished from
WHE-MM based on spootneows spike
dlischimge, slustion pressime or peEk dis
charge at 120 mm Hy, their nespomse 10
Brchdiin, or condissiion welncire of the
vagal afferent. Thoeecver, they could De
wasily distinguished Jrom the WHHMN
fram thetr threshold walue and thss pocs-
ciipe pange of their activiy and responss
ter peristaltic contraction (soe Fij, 4-4 and
Table 4-13."
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Fug 45, Spéanchnio high (kreshold nociceplor (HT-M]. Ditlerantial sansdvily bo brady
lirim of szaphagaal distension-sansitive mechanorecapsars i vagal and spmpaiheic
alfarants of the cpassume From Sengupta el al™

Physiclogic and Clinical
Implications of Two Types of
MNociceplors

1. Specificiey amd intcosty theorics of
viareril nociceprars: Mature of the vis-
ceral nocloepdors has been @ subject of
carrnseray in the past There huve been
vav theories regandiong the patuse of the
viscera]l nowiceptors, called spocificity
and the mtensity bworics,™ The spec
Ty thenry proposed the existenos of
specific nocicepiors fhat Gy imnsduce
nociception and 2 different set of non-
nociceptive peccpdors that rrenscdoce
raa-nncicepaive simuls. On the siher
bend, the intensity theory assamed that
rthe viscera had only onc typed of Sonsocy
receplar Ul trnsdisse annooicepive
stimuli 2 ks Inbenaivy sEmalation and
pcies ptive simuli ae high intensivy stime
ulatka, Quandiaine stimdus rEspinsse
sludies that mondrar electrical spike dis-
churpes gencmbed in . smeny ecepEnr

in response o praded somull chat span
o sl as well ap ooEEeuE Ccanges
have helped resodve the controworsy ne-
garding e nauee of tee pocicepiors. ™
Liudies in the opossum esophagzes chat are
claboratad in the procsding paragraphs
shovwed that sensory recepbors cansistent
with barh the thencies wee peesent The
wick: chmaomic mmge e nonecoplors
were active during both non-noockons
ancl nekians range of csophapgal dHsten-
sion and the high theeshokd nocice prars
wore active onfy in noxious coges of
esnphageal distensien, Boch thess types
of peEceprers were comnected Lo axons
in rhe splenchnic nerves (see Pl =47
Although, existenes of (e two Lypes of
niclceptors in the same aorgan has not
Becn desnomstmicd, sther studics have
shoon presence of W MM n the heart™
arnd colom, ' and BTN i che veezes?? and
urinary badder 15

2. HTN amd silepnt niocicespioss: Hahler
et al™ reported that 2 small numbser of
dviiineliiied aferenis from the urinary

VaSAL AKD SPLANCHNIC DISTENSICH SENSMIVE PRIMARY AFFEFRENTS 52

Badider b high theeshckd for simula
tion and had e or a very oo activine
wirh distension of hezalthy urinary bladder
distension, However, scusitiviny of thess
uitdrs mareedly Increased after inflamema-
tiom s thal their activily Can be recorded
at krwer distension presswres. This btay-
o s simlar (o the tecepiors described
in the jolvts. ™ These recepbors buve Becn
calleel vigeesal shenn macioepanes and may
represent KT with very Iugh thresholds
arull Llian slevse sensirization with inflam
marion. Terther stwdics are oesded e
determine i the slent receproes oonst
ture a distincy populaten of HFY.

SUMMARY AMND

CONCLUSIONS

This feview revells that the curcrent
mformation on the natoes of the csoph-
apeal primary sensory receplors is rudi-
mentary. lnfarmatisn an the inetonal
hehavinr of che sensary receplors bas
abtem biocn dimived [rom studies of the
edecrrical discharges in the afferent Glgrs
that are prosumably connected with the
recepors. Mast of the available infior-
maticn 3% cused an he recepaors that
responad tr esophagenl distension. Cauank-
mhative “udics of eletrical resprnses in
simple afferene fibers nesponsive 1O grcded
e pluageal balloon distersion have [der
rified three different types of mrchbno-
sEmsilive peoepiors, mamely, kw threshald
mechanareceptars, wile denamic rmngs
mechananociee proes and kgh threshald
nocicepiors, The bow theeshald mecha.
AOrECEPNE res o h non-naeckiepve
csiphapeal distenzion and ey mediage
plsiologic refieves. The wide dyminic
range mechananaeios POs may respond
{0 barh non-nocicepive ol nociceptive

distensons. The high threshalkl nocicep-
rofE are apecific nocicepanrs. The affer
ents of ke theeshold ipeclnmorecepor e
are carried in the vagus nerves. On the
ollser banwd, the alfcrenls of e nodicep-
s, wide dynamec mnge mechanonoc-
ceplara and high theesled nociceplors,
are carried along che splanchiic nerves.
St meniceplive arterencs rom the
upper exaphagus may also be Carried in
VIl WARE NErves.

Aclnowledgmend. This wodk was sup-
prorted by a Mationzl Instituce of Diabeies
and Trpestive and Kidney Discases gran:
(SO 2E5T) und a Meril Beview Award
Croai iet e e of Reseaech and Develop
ment, Medlcal Bescarch Serviocs, Dapsirt
menn of Yetesans Affairs.
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