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THE INTESTINO-INTELSTINAL INHIBITORY REFLEX:
THRESHOLD VARIATIONS, SSHSITIZATION AED SUMMATION

The qualitative featurss of the reflex ishibition of the intestine
which occurs in response to stimmli srisisg from slterstions of pressurs
within 1% have bosn sztudied in several lsboratortes. This imformation
has been summarized in s collective review (B). The present study is
concorned with (1) the fastors that cause varietion in the effsctivences
of a given dlstontion, in eliciting reflex imhibition of intestinel
motility, and (11) the relation of langth of intestine dlstendsd %o the
prassure that is required $o initiats the reflex.

HMETHOD ‘

Four doge wers prepared, each having ome Thiry and one Thiry-Vellas
fietuls vaach wore made from adjacent segments of the upper jejumum.

All extrinsle nervous pathways wars left intact. MNotility from sm in-
testinal segment in the form of o Thiry fistuls (indicator segment) was
regorded by the belloon-mercury-manometer method {7) im unamesthetised,
unmedicated animals. A measured volume of water wae introdused inte
the balloon~-mercury-menometer system by means of a sido-arm, and this
volume ramsined unchanged Shroughout the experiment. MNotility {m this
segment served as am indicator for the effects of pressure changes pro-
duced by means of balleons in a Thiry-Vells fistula. Pressures in the
twe balloons used for distending portions of the Thiry-Velle Plstuls
wars controlled by comnsoting a graviiy pressure botile with the balloon-
msreury-sanometar systems. In some studies, balloons of varying lemgth

ware successively introduced, 0 as to include the same sestion of the



Thiry-Vella fistuls. In other expsriments, bollosns were placed
one within the proximal and the other within the distal sad of the
Thiry-Vella fistula, and a distending precsure wes ostablished slier-

aataly or simaltencously in the two belloous.

RESULTS

The cbservetions described are based on 60 sapsrimente in ¢ dogs,
fiavolving more than 300 distentions.
I, TVariations in effsctivensss of s single diptantion., Previous
studies of the reflex in unanesthetiszed enimale heve indigated that
intensity, duration and rate of chunge of the stimulus are fuctors
which slter the reflex response. The responss to graded distentlons
of a segmont of intestins is o graded reflex imhiditlon of the im-
dicator segment. A single distention mey be ineffeotive, eubthreshold,
$hreshold, sabmeximelly effoctive or maximslly effective. MFarther
obgervetions confirm the pravicuc report (7) that ¥he threshold for sn
effoctive distention 1s sleveted when thers is u slow rets of inoresse
in the pressurs; and that = sudden inoresss im precsure is more effective
in producing inhibitory effects than & step-by-step inoresss to the ssme
or avea ﬁn & somevhat higher level. Thers is slow adaptation to a dis-
tending pressurs, and ﬁataimé preesures result in prolonged 1&151%:7
sffects.

A distending pressure iz one snd of & Thiry-Vella lonp, when Sust
eafficient to inhibit the opposite snd of the segment, may ceuse no
inhibltory effecte in the indicstor esgment whileh has no intrinsic



sonneetions with the loop distended. Thig rosuld s {llustreted is
?ig. 1. This is further evidence that the intringic mechanisms of the
intestine contributs to the lmh!hitory influeneces of intestinal dige
tentlion.

There is & varlability in the minimal pressure that is requirsd to
‘elisit the reflex, in different animsls snd in the seme snimel under
eltersd comditiong. Youmang, farstens mnd Aumsan {6) cbeerved that wide
mdivldmi variations exist between animale. Prezsures from 35 to 100 mm,
of Hg. were required to elicit the reflex. In the present study, the
presgure required to slicit comperadble imhibitory effects in the same
animal, on different days, hes varisd mot more thom 8 mm. of Hg.
Theoreticelly, 1t might be expested that a dlstention in one part of the
}aémum would have a different roflex effect then en identical &&@@Mion
in & more dletal pert. However, comparsble submaximsl inhibitory effscts
were obtained in the indloator segment from 1dentlesl dletending
preesures in the seme balloon, pleced first in the distal then in the
proximel end of the ThirysVallas fistwia, The fistulas wsre 30 om.
Iloag. The poasibility remaine that o gradient effect might be demon—
strated, by comparing reflex effecte of distention of two intestinsl
segnente that are more widely ssparated than those used in the pre-
sent study.
I1. Sencitigetlon by g previous distestion, Lalich, Herrin, and Meek {3)
raported that thla intestino~gestrice 1&!_.131%@3’3* reflex iz reinforaoed by
subjeciing & Thiry fistela to ¢ continwue distending preassure for

twenty-four haurs before redistention. It has been shown that after a
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provicus distention of the jojunum, if the rats of changs of the stimulue
is not altered, s second distention of shorier duration will Qurpass the
first in ceusing iahiditory effscts in an indlestor segment (7). Ne
sttempt was made %o determins whethsr the reinforcement was on the basis
mf a centrel or a peripheral sensitizstion. In the present study, it
was found that the threshold for the intestine~intestinsl reflex could
e reduced by as mmoh ae one-half, by s series of brisf, effective dis-
tentlons. The successive distention of the same section of = Thiry-
Vella loop with subthreshold pressures will finally produce reflex ia-
hibitory affects in the indicstor segment. If e single subthresheld
pressurs is neintained for & prolonged period of time, it may so sen-
eitize the reflex mechanism that redistention will resuli in imhibition
of the indicator segment. Thie result is 1llustrated in Pig. 2.

Popsible esites in the roflex arc at whish sensitisation might ocour
gre at receptor end organs, st symapges oy st the neuro~-effector junction.
The following results indicate that the sengitiszation is peripherel and
at the site of‘ digtention. If the threshold effeotive pressure is deter-
nined for s section of the Thiry-Velle fistuls, distention of a second
ssction of the segment with o pressure which would ordiserily sensitise
that srea to rediptention does not influenscs the thraeshold for the
'reflax in the firet sectliem. A susiained and pralonged subthreshold
distention in one end of the Thiry-Valls fistula will sensitise locally,
g0 -that a2 subssquent dhtmti‘w of similar intensity at the seme site
will slicit the reflex. Howaver, a subseguent iaontlcal distention of
the opposite t;ué of the segment 1s ineffective. This result is illustrated



in Fig. 2.

The exact nature of the paripherel sensitization has not been
deterained. The alteration in irritability of reoeptors 1s roughly
preportional to the intensity and duration of the ﬁittm&mg pressurs.
Sensltisation to redistention ocourred when a distending pressure of
26 mm. of Hg. wes used. This is illustrated inl?ig. 2. 7%Thus sensiti-
sation ocours at pressures sigmificsntly lower then thoss required to
blosk $he locsl cvirculation {2) and well within the range of pressure
ereated by inteetinal euairautieus. This result intredusee the
voseibility that ths gsensitisetion obesrved in these sxpsriments may

be a physiologic nhenocmanon.

213
glicit the reflex, The minimal pressurs whish will slicit the
intestino-intestinal ishibitory reflex 1s comparatively high, when e

distanding balloon O om. in length is ussd. Pressurse r#ngi.ng from

36 te 100 mm, of Hg. are required {6). Sush pressures far exesed latrae
enteric pressures racorded from clinical ocsess of intestinal obstrustion
(4), though they sre spproximeted by the prassures developed im the closed-
leops of sxperimentally obatructed enimels (1). Previous studies do mot
indloate whether the intestime-intestisel reflex fumctiome within
physlelogioc limite, or &f {t pan be elicited only by high, aﬂiﬁciaﬂ.y-
produced, distending pressurss. I% 1g on this basis that onme might
question thé role of reflex imhibition of intestinsl motility by in-
$estinal distention as & contriduting mechanism to the perpstuation of

distention, in ileus and intestinel obetrecilon. Howavar, the minimel
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presswre that ig required %o @iiei‘é the reéflex whon 2 & em sevtion of
vowel ig distended provides mo information concerning the fundsmental
protlem of the minimel intraluminel pressure that will imitiate impulses
on the afferent side of the reflex are.

The role of spatial sumsation im the produstien of = normal weflex
dlocharge indlestes that this phenomenon would be expseted to otcury
whon the intéstzm-intutinal paflex ig sotivated. It can be shown in
seversl Weys that sumeation dses oocar. The results of ome type of
experiment demonstrating eummstion are illustrsted im Fig. 3. The
simultaneous combinetion of subthreshold distentions in two dlstending
balloons of egual length, plsced in opposite snde of e Thiry-Vells
fistule, is followed by inhibition of tonus and motility of the in-
dicator segment. Uontrol distentions, before and sﬁ.ar simul tanecus
combination of the distending pressures, offer evidence that sonsitization
by previcus distention of aither ssgment s not responsible Tor the
inkibition. | |

Another type of experiment &nmaétmttng gsummation is ﬂim%rweé.
in Fig. 4. The proximsl end of a Thiry-Vells filstula was first distended
by e pressure of sufficient magnitude to ellelt severe inhibition when
2 15 em. segnent of the Thiry-Vella loop was utilised. An identicsl dis-
tending pressure was lase offective after the balloon had been ehanged,
8o as to involve only a B om. segmsnt, The possibility that the reeulis
of this experiment may be eaxplained by sansitization, or by differsnces
in the Yhresheld on the basis of an inteetinsl gradient, is ruled out
by the following feots. The distention of the shorter section is lass

effective following = previous distention im the longer section of the
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sogment with an identioal pressure, in spite of the faet that
sensitisation would tend to make the second disbention more effoctive,
if the balloon lemgth were unchanged. The results presented in
section I indicate that gradiemnt effects do not require consideration
in these experiments, where the balloons are not more than 20 om.
apart. loreover, adjasent segments of intestine were distended in

these experiments.

SUMMARY AND CONOLUSIOWS

1. The fastors that determine the mdnimal pressures required to
olicit the intestinow-intestinal inhibitory reflex have been studied in
unanesthetised dogs, by recording the responses of ome intestinal
seguent (Thiry fistula) during the distenticn of another pegnent (Thiry-
Vella fistula) with balloems of verious lemgths and utildising various

pressures.

2. The minimal pressure required to elicit the reflex is lovered as
the lemgth of the jejumum distended is imoreased. The ef feotiveness of
& glven preasure in eliciting the roflex is greater as the lemgth of the
Jojunun disvended is inorsased. These results may be readily explained
on the bagis of spatial summtion in the central nervoue system, or in
the (utm«mﬂ.c gangiia involved.

&« An offective distention of any duratiom, or & prolonged subthreshold
distention, will semsitize the intestinel segmemt te redistentien. Svidence



io presemted that this is & peripheral sensitisation mring at the
slte of distention.
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