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The peristaltic reflex is regulated by complex nervous and 

hormonal mechaDiams. It can be elicited in vitro by stimulation 

of the intestinal mucosa, but the functional relation8hip8 bet

veen the mucosa and the motor activity of the intestine are vir
tually UDknovn. Such a relationship i8 suggested by the frequent 

aS80ciation of paralytic ileus vith the stress ulcer syndrome. 

This problem vas investigated in vivo in the avake doge Electi

ve stimulation of the mucosal peria8taltic reflex vas attempted 

by instillation of 0.1 N BOl into the intestine. Such a stimula

tion vas follov9d by a reproducible motor response. This method 

vas found more reliable than the simple recording of spontaneous 
intestinal motili ty since the stimulus can be standardized and 

the response quantitated. The response to 0.1 N BCl vas inhibi
ted by an intraluminal perfusion of ~locaine 10-2 or by the 

intravenous injection of Ne.butal. In one e~eri.ent the integri

ty of the intestinal mucosa vas disrupted b.y a period of acute 
arterial ischemia. It resulted in an hyperexcitable state tollov

ed by a period of irregular recOTer,y. On the contrar.y "sham" ope
rated control &Di mals developed an intestinal adynaaia for 12 

to 24 hours. No specific role of the mucosa in the regulation 

of inte8tinal motility or in the pathogenesis of paralytic ileus 
could be identified in this 8tudy. 
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:'::0 intc stina.l obstruction s;yndrome i·;as \iell knO\m to ve-

::y e2.r1:- ,;ri tors • .:':.t autopsy pa tho logi c a.l tera tions such as 

yo1...-ù2.us ~ncl strangulation ... :ere described. Eippocrc..tes des cri-

b9~ tbcsœ findings as being the local manifestation of a more 

,:cneralisecl inflammation, hence the term "lIeus Infla.mmc.torius" 

introduced centuries later by Ga.lcnus. Although the mecha.nica.l 

o"f the s;yndrorne ',;cs ... rcll recognized, no obvious obstruc-

tion o~ the intestinal passarre could be found in certain cases. 

::;:t ,;cs not until the carly xrx th century thc.t peri toni tis rc-

cci .cd sose creditas a pc. thogeneti c factor in ileus, ... ,hen the 

vic~ ~as hald that the intestine vas paralysed eving te edema 

~nè. i!l:~l:~::1r::ation of t!1e bO'"d'el v.:.ll. 

':'hc enti t:/ of post-o?erative ?aralytic ileus as such ,;<!os 

firsi 2cscribed by Olshausen in 1838 1. Ls he could not find 

a~~- =i~ns 01 ?critonitis he rclated ilcus to the opcrutivc pro-

c cè.u::e i ts ~lf and parti culc..rly to r:la.ni~-ula tien and c:90sure of 

bo-~-!?2. 100:-5 to ai r outsiè.e the :::.bdomin:::.l cavi tj", end he 'luali-

fi cci t~e ]Ost-ol){~::a ti YC intc s tinal (lysfuncti on <15 "Pseudo-Ileus Il • 

:~is concc:t .,.:2.S not .::;encrall~· acccEtecl b.:" the conter:l?orar~) o..u-
? .., 

t::cr':''t:'~s sucb as 2cichcl - or ::ochcr ~, ~;ho thought tn2..t fibri-
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nous micro-adhesions vere responsib1e for the condition. 

4 In 1899 3ayliss and Starling reported their c1assica1 

studies or the peristaltic reflex and the observation that it 

lias markedly inhibitcd by stimulation or the splancbnic nerves, 

thus endinci a long lasting controvers~r on the subject. These 

studies ini tiatecl the start of enthusiastic experirnental lrorI::. 

'\rhich gave birth 'io the theory of sJ'1TIpathctic reflex inhibition 

of the bovel movement~ i'ollO'ldn.:; la]?arotomy and manipulation of 

5 intra- or rctropcri toneal organs. Cannon and liurph:;r demonstra-

ted in 1906 that operation vas followed by delay in gastric 

eml,tying and slugzishness of the intestine. In a further pa]?er 

these same authors showed that crushing the testicles could al-

50 inhibit intestinal motility 6. According to their eX?erience 

they indicated that manipulation and handling of the bovel cau-

sed "much greuter effect in the direction of post-operative 

inacti vi t;:;" thcn any other of the factors under control durine 

0l?Cration". Furthcr ;,ork by Eotz 7 . . 
, .ctral 8, Olivccrona 9 ana 

others demonstrated beyond any doubt the 2resencc of a srlanch-

nie nedi~ "tcd reflex in ?cri toni tis and follm:ing c./.;'ern. ti...-c 1>ro-

ccclurc!;. !Io·,:c.cr thcsc invcsti.:;aiions also C2.st sonc cloubt on 

tl!c .:::::.ral.:."i:ic nature of t!!e intes"tinc.l clysfunction. In 1929 
l' ,ri . -- .... ~ote t~:u..t ?ost-o~erative ilcus "is not :,ar~l~-ti c fI , 

bccau:::c the mu~clc is acti vc and él?]arentl:,' in ':;00<: ·.:or~:inz or-

der. Obscrvin~ dozs li_in: and digcstin: vit~out 2?~~rent dis-
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turbance a~ter removal of aIl the muscle froc long segments of 

bowel, he postulated that neither the intestinal smooth muscle 

nor inhibition "ere the main factors but rather a reversaI of 

the physiological aboral gradient of rhythmic contractions in 

the develoIJment of ",ha t he called "Flat Gradient Tieus Il. 

The frequent occurrence of massive abdominal distention 

in post-operative ileus bas led many investigators to question 

the nature of intestinal gases and the factors involved in their 

production. McTver 11 demonstrated the predominant role of air 

swallowing in initiating distention and a vicious circle com-

mon to aIl ty}?es of obstructions in '\olhich the intestinal cir-

l t ·· . d 12 cu a ~on ~s comprom~se , secretion increased and absorption 

decreased thu~ causing further distention 13. Youmans 14 shoved 

also that distention of a segment of intestine reflexly inhibi-

ted the rest of' the bm{el. In 1932 1'iangensteen demonstrated that 

tbis sequence of events could be obviated by the use of conti-

nuous suction, a practice which has since become routine in most 

institutions and has been responsible for a drastic decrease in 

the incidence of serious complications and in mortality following 

15 16 . maj or surgery , • But ~n a small percentage of cases this 

measure fails to bring around recovery and other fa.ctors c?peared 

to oc of i:::!portance. In 1937 ;'!ecra:r 17 dre:.· attention to the im-

portance 0 f hy:;oproteincrni<!. .... hich resul ted in edema of the: bo .... el 

... ·::!ll. Dcvclo;ccnt of interest in body fluid and electrolyies rc-
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sulted in an UDderstandiDg of their role in paralytic ileus. 

Streeten 18 Yas able to produce paralytic ileus in dogs by ren-

dering them deficient in potassium. At a time Yhen vitamins vere 

fashionable, the idea of a relative deficiency in panthothenic 

alcohol vas raised as an explanation for the decrease in total 

tissue acetylcholine vhich had been previously obserTed. The 

therapeutic implication of this hypothesis has been folloved 

by rather UDconcluaive results in clinical practice, and neither 

the administration of panthothenic alcohol, nor parasympathetic 

stimulation by the means of acetylcholine analogues or anticho

linesterases have proTed to be undisputably helpful. 

In the thirties spinal anesthesia yas uaed to suppress the 

sympathetic iDhibitor,y reflex. The obvious dravbacka of this te-

chnique do not deserTe further comment. More recently, using a 

similar theoretical approach, Catchpole reported some success 

vith adrenergic blocking agents 19. Obvioualy further eTaluation 

is needed. 

Recent electrophysiological studi~. of the intestine baTe 
1 • 

sugg.sted that intestinal contractile actiTity may be driTen by 

a pacemaker situated in the duodanum. BOyeTer attempts to pace 

the boyel vith an electrical stimulator duriDg the immediate 

po.t-operatiTe period or as treatment for paralytic ileua baTe 

been an.uccesstul .0 far 225, 226. 

!he experiment&! york perforaed in the .ost recent years 
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as wcll a.s human clinical observation ,li th rcfined techniques 

have suzzested that the zastro-intestinal tract does not beha-

ve homogeneously follo1-ring surgical o]?eration or trauma. The 

sml1ll intestine appears to remain ratller active ·,·;hile the most 

atonie parts are the stomach and the colon. This behavior conse-

cutivc to 1al)arot0I'!1y is distinguished by Catchpole from "Truc 

l'ar<:!.l;ytic Ileus" 'Ihich accordin:; to him is charactcrised by 

com?letc inactivity of the entire GI tract 19. Of major inte-

rest i3 thc recent observation that paralytic ileus is associa-

tcd "'li th about 505-; of the c.::.ses of shock 'lhich dcvelop stress 

1 33, 229 Mh" " U cers • ~ ~s ~s suggestive of another possible putho-

genetic mechanism 1thich is the purpose of the follo,fing inves-

tization. 
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2. TITE CLIXIC,AL ~ATURES OF ?OST-OPERLTIVE l'AlU..LYTIC 

ILl:.~S: ATTEHPT OF A DEFIlUTIOS. 

Distention is recognised i-ridely as the characteristic he.ll-

mark of l.J<:!.r.:1l .. ~rtic ileus follo'~'ing operation or trauma 13, 20, 

21. Simul tancously the hm.el sounds are absent or only feebly 

audible and therc is no passage of flatus, although diarrhca 

22 has been occasionnaly recorded • Yomiting is'also a common 

. t 23 G . accom?anl.men • -a::: pa~ns and abdominal tenderness are some-

tines present, but are not a conspicuous feature. De~ending on 

the ùegrec of meteorism, there may be considerable breathing 

difficul ty, the respiration being shallo,,. and rapid. The pulse 

is aIse accelerated. ~rinary output is scant and in severe ca-

ses thera is progressive dehydration Ieaùing to h~70volemic 

13 shock in the absence of intravenous therapy 

~adiologically the classical ~icture consists of diffuse 

metcorism of the entire intestine and eyentually the appearance 

13 "4 of fluid levels with the progression of the derangement ,~ • 
.,-

:!owever Sticss -, sUGzested a number of years azo that gas anrl 

fluid levels could be absent. ~ore recent appraisal usin3 con-

trast studics have shol:n that gas is normally transported in 

tl:C' s::lall bO',:cl durinr; the uncor::.?li ca ted .:,:0 st-opera ti YC )cri od., 

but it accu:::ulat!.'s in the cc.ecu..":i and colon 26. 

The clinical 2icture outlined abo_e has bcen until reccn-



- 7 -

tly the major basis for a concept of paralytic ileus and its 

diagnosis. It ,tas l.ridely accepted tha.t operations .. rere fol-

IO"\'led by a period of "Physiological IIeus" 1,'hose durn.tion and 

sevcrity vere proportional to the extent of the abdominal pro-

27 28 cec1ure ' • Thereby a statc of intestinal paralysis .;as }?re-

sent during the carly post-operative course. This postulatc 

f'oun(! sorne su::;port in hunan stué!.ies \ihen direct. measurerncnts 

of intestinal }?ressures could be recorded 20. This vie~ vhich 

seemerl still soliè.ly esto.blis!l.eù in the sixties 29 ha.s been 

somlJ",rhat shc.!ten by the develol?ment of more refined teclmic.lues 

such as the radio-telemetric ca2sule. One major advanta~e of 

the mcthoù ;las the ca.vabili ty of estinating the ;:rastro-intcs-

tinal rnotility in very sick patients. This devcloprncnt wcs of 

particuln.r importance becn.use post-operative paralytic ileus 

coulù. no,;; be definccl in terms of clinical fc.cts and not only 

on the basis of clinical iM~ression. 

The .l,)resent concept is as i'ollo ..... s. Durinz the first 2 - 3 

daysfollo~rinL an !l.b(lominal o::,eration the storr.ach ana the co-

Ion sho:: a marl;.ed decrease in acti vi ty. In l,ia.rticular [!D..stri c 

cfll]tyin: is markcdl:i dcIa':"cd causinJ the accurnulation of air 

C:ld fluide ~~ausea ane! eventually vOrLli tin;: resul t. If the: s·,i.:...l-

10 ... ·c<1 air acctu:ml.: tin.; in the sto~ach cvcntuall:;- t'in·is i ts r,·ay 

throu,:;h the r:ylorus, i t i s ra,r>idl:," nOT'cd dO',l!l to tne colen 

,;h.erc i t cccur.::ulc tes a::;cin. l'hi z h:::.s been QOiionstrc tee! rad iolo-
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gically 26. Similarly studies vith the radio-telemetric capsule 

have ~hOVD that the small intestinal motility is d;miD;ahed on-

ly tr&Daiently and returns rapid1y to normal, even folloving 

vagotomy 28, 30, 31. There is some evidence to suggest that the 

return of normal small bovel motility is hastened by narcotic 

analgesics 32. Consequently the clinical picture includes only 

very moderate distention. The bowel sounds are absent or rare 

because of the absence of content in the small bovel rather than 

deficiency in propulsive motility 26. This situation is rarely 

the source of any therapeutic difficulty and readily responds 

to the usual measures of gastric aspiration and fluid and elec-

trolytes maintenanc~. 

Sometimes the state of nTrue Paralytic lIeus" supervenes. 

It is characterized by distention of the whole GI tract from 

the stomach to the colon including the small bovel. The bovel 

sounds are virtually absent. Badiologically air and fluid levels 

are present. Cons~ipation is complete and no flatus ia passed 

19. Other complications such as stress ulcers are frequently 

present 33. The situation is of concern and the prognosis can 

be serious. The usua1 therapeutic methods are often unsuccess-

ful. 

post-operatiTe paralytic ileus C&D be subdiTi

dea according to the degree of s.verity into tvo conditions, 

one benign &ad readilT reTeraible, the other .ore aeTere and 
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a2pearing as a develo?ment of the early transient post-operati-

ve motility disturbance or incident to other complications. 

This distinction is of sorne importance in order to avoid the 

existing confusion based upon published opinion related to cli-

nical impression. 

This study is relatec1 to the full-blolm condition. 
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3. .à. CT~SSIFICATIOX OF P.P .... '1.ALYTIC ILSUS. 

~ost of the classifications 2roposed in the literature 

are in fact an enumeration of the conditions often associated 

with parclytic ileus, i. e. the generally accepted clinical pat-

tern described in the prececling pa.ragraph. HO\rBver very fe11 ana-

lysis of the precise behavior of the GI tract associated with 

thesc various disorders are available. Classifications of para-

l;:,rtic ileus very often ap?ear to bring under the sarne heading 

diseascs rihich have really very little in common. Though logi-

cal and of Great jractical help, they remain artificial. 

Berning and Lindenschmidt (1961), in thcir very extensive 

. tl· d th f Il· 1 .~. t· 29 reV1ew, ou _1ne e 0 oW1ng c aSS1~1ca 10n : 

1. Paralysis of central origin: 

a) Xetabolic disturbanccs (diabetic acidosis, acetone-

mic vomiting, infections, inanition, he?atic coma, 

salt dcpletion sj~drome in cirrhosis of the liver). 

b) Organic cerebral diseases (turnor, infarction, rnc-

ningi tis). 

c) eranie-cerebral trauma. 

2. ?aralysis of the peripheral nervcs: 

c) Cl'crations on the oesoI:bagus. 
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b) Cervical end ribs fractures. 

c) Thoracic and abdominal contusions. 

a) Bronchial c~rcinomn and mediastinal tumors. 

e) Pharmacol0ciica1 ncurople~ia. 

3. ~isturbanccs of the neuroilluscular junction: 

a} Potassiœ:l deficit. 

/:. ~cflex disturbances. peritoneal inflammation and rare 

diseuses: 

a) ?ara1~~ic i1eus in acute gastroduodenitis, gastric 

and duodena1 ulcer, carcinome. of the stomach. 

b) Cho1e1ithiasis and choledocholithiasis vith and 

'.-ri thout pancreatic in'\"""o 1 venent. 

c) Lcute a?pendicitis vith and without peritonitis. 

rI) Diseases of the Iddneys and urinary tract, retrope-

ritoneal inflaF~c.tion and tùmors. 

c) Paralj~ic ilcus after extra- and intra-abdominal 

o.?cra. tiens. 

xication, dystro~hias. 

In the above classification, thcrc is no ~cntion of the 

vc.scul~r CQ.uscs of pc.ralyi.ic ilous. 2cference to Ochsncr ana 



Gage (1933) 
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27 is made concernin~ this ~atter 

5. Vascular disturbances: 

~) Strensul~tion: 

1 0 Inirarnural: disiention follo~ing mcchanical 

ilcus. 

20 ~xtrawural: com?rcssion of the ~esenteric vesscls. 

b) ~cscnteric thro~bosis. 
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4. THE IllCIDBllCE OP PARALnIC ILEUS. 

Table 1. 

THE INCIDENCE OP PARALYTIC lLEUS IIi RBPORTED SERIES OP MECHANI
CAL OBSTRUCTIONS. 

Reference Total number Humber of para.- Humber of post-opera.-
of cases lDic ileus tive ~arall!ic ileus 

Yangensteen 630 353 195 (3~) 
1955 (13) 

Gudlad,t 190 41 6 (3") 
1939 (34) 

Yachsmu'th 996 116 
1964 (35) 

Mlczoch 1269 51 
1261 {J61 

Table II. 

THE INCIDENCE OP POST-OPERATIVE lLEUS. 

Reference Total number Total number of post- Total number o~ 
of operation. operative obstructions pos1;-operative 

mechaDical aDd par&ly- paralytic ileus 
tic 

Y&I1gensteen 
1955 (13) 

UD.knovn 288 195 

ZaccariDi UDknovn 12 14 
1955 (37) 

Mc Iver 107 36 (29~) 
1926 (11 ) 
Be . 
19~29) 

450 21 (6~) 

1 
~ 
{ 

) 
1 
'i ,. 

l 
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Table III. 

THE MORTALITY OP POST-OPBIU.TIVE P.A.B.ALYTIC lLEUS. 

Reference Total number Total morta- Mortality due to 
of cases lit y paraltlic ileus 

Yachsmuth 996 obstruc- 189 39 (4%) 
1964 (35) tions 
Yeisschedel 14631 appen- 271 160 (0.1%) 
1955 (38) dectomies 

Mlczoch 1269 obstruc- 317 20 (0.2%) 
1961 (36) tions 

Devine 1000 post- 10 (0.1%) 
1946 (21) mortems 

Comment: 

The reported incidence of post-operative paralytic ileus 

varies between 3% and 32% according to the above compilation 

of the literature. These figures are most difficult to inter

pret because of reference to different types of populations. 

The mortality figures appear strikingly lov. It is worth mention-

ing that most authors do not quote their diagnostic criterias. 

Observations are recorded in pure descriptive terms. The short-

comings ot pure cliDical considerations have been mentioned pre-

viously. As a result vhat little data is available is difficult 

if not impossible to analyse. 
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5. .A;.~ATO};!IC.àL COKSIDERATIONS ON THE !l{)T.ERVATIOX OP THE 

S}f!lliL IXTESTI:S. 

Thanks to the electron microscope and the development of 

staining techniques, in particular fluorescent stains, the un-

derstanding of the innervation of the bo,{el .... ·all has considera-

bly l)rogressed. ~~e~; nervous connections and sOl:1etimes their che-

mical transmitter have been identified. The classical concepts 

of autonomic nerve supply of the gut have been revised as fol-

39 l ° ~{s ( G • C • Sc h 0 fie 1 d 1 968, Fi gur e 1) 

1. ::-reural Plexuses. 

4 main ple:>alses have been identified: 

a) The subserous plexus: the connections between the mesenteric 

nerve bundles and the myenteric plexus of ~ucrbach travel 

through this intermediary plexus. It consists of nerve fascicu-

li vith e. feil neurones sometimes aggre~ated in ganglia. :From 

there on ta the r.:yenteric plexus most nerYe fa.sciculi folIo,·: 

the blood vessels as in the mesentery. 

b) ..Auerbach' s myenteri c ~>lexus: this 'pl exus lie s bet ... ;een the 

10n.;:i tudina1 ~lld circu1ar :::mscle coats. The ?lexifcrm w~sh'r;ork 

of fibers can be divided into three com?onp.nts: a ~rimarJ one 

',d.lich constitutes the ;nain bulk of the !,lexus !!.onr! contains nu-

;', 
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Figgre 1. 

THE '[lDlRRVATIOB OF THE SHALL DT!'BSTINB. 

M\JCOQI mrmbraœ 

Cl'ntript'Ul 
libers ----

v~ alfrf'l.'nl--
and l'flrf'l.'nl __ _ 
hbers 

(Alter G. C. Schofie14) 39. 
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merous neurones, particuIarIy at the mesenteric border; fasci-

culi branch off from the primary plexus to form the secondary 

onc; from there a tertiary plexus constituted by very fine un-

myeIin2..ted. fibers ramifies bet .. {een the smooth muscle bundles 

of the longitudinal and circular coat. fi. :portion of the rn:,"en-

teric plexus si tuateù dce:;? .-ri thin the circular layer is called 

"deep rnyenteric plexus". 

c) The subrnucous plexus of !'!eissner: i t is consti tuted by a. 

neural mesh·,rork of unmyelina ted fi bers and neurones aggrega ted 

in ganglia. Ganglia are most numerous in the small intestine. 

The submucous plexus is connected to the myenteric plexus by 

indirect parava.scular connections and also by direct connec-

tiens. It sends minute t'\fÏgs te the mucous :plexus. 

d) The f.'lUCOU5 ple:\."Us: the fibers constituting this plexus l'~re 

so fine that they are not identifiable ,-ri th the light micros-

40 
cope. They are in direct contact vith the epithelial cells 

The clr~ssical ViCil tlH? .. t the syr:Ipathetic efferents are 

<!..rc 2rc.:;an~liol.lnic and rclay in the I!l;;·-enteric plexus is no lon-

zcr tenable. Thore is a good deal of evidence that there are 

el so prczanzlioni c sJ"Yn.;?a thcti c fi bers re.presented in the bo-:;el 

~:::.ll. Conscc:uently the cnte::-ic neurones belon:; ta bot!:. the '::.jïn-

"() 

~):!.thctic and the ::cr<lsp]?at!lctic ?c.th .... -n.:ts ~.,. These neurones 

t ., 
.~ 
,~ 

l 
; 

:) 
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in both intrinsic and extrinsic p~thrtays. The latter consequen-

tly reFresents ~ functional distinction and not an anatomical 

one. ~ 

2. The extrinsic system. 

The extrinsic s.yste.m comprises pre- and postzanglionic sym-

2athetic efferents, vagal afferents and efferents, and spinal 

affcrents. Preganglionic SYIDFathetic fibers have been referrcd 

to ~bove. Classically thcy constitute the splanchnic ncrvcs. 

Thesc fibers sJ~a?sc in the celiac, paravertebral or enteric 

gangli~ anJ are distributed to the muscle coats and the blood 

ves sels. There are cholinergie fi bers travelling "(ri th the s.:.'1n-

'1 1 pathetic • Vacia1 fibers come from the dorsal vagal nucleus in 

the rhomboic1 rOSS:1. The vagus has i ts oml efferent systen irhich 

relays in the gunglion nodosum. These afferent come generally 

fràm the mucosa and coils of varying complexity in the submuco-

~a. Dpinul affcrents are linkccl .. ri th enteric neurones ,,:hich pro

ject centripetally 39. They arc involved in a spinal reflex arc 

which receives 2robably also affcrcnts fro~ the celiac and 

other :)rcvcrtcbr::!.l cun,:lü: ... Their functio!1:::.1 role is uJlclc:1r. 

J. îhc intrinsic systec. 

The intrinsic s~-stc::: is ccnstitute~ b,:,- affc-rcnts and ,!ffc-

< 
.-:" 
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rcnts loceted cxclusively in the intestinal wall. The ?eristal-

4 
tic reflex is mediated by these path'.rays • It inyolvcs a s.ys-

ten of affcrents fron the Ducosa and the different layers arc 

conncctecl to exci t:J. tory und inhi bi tor~r pa tin;ays acting probably 

in ~ rcci}?rocal fashion. 'l'he exact lay-out is still conjectural. 

This i~ 1iscusscd îurthcr in ?ara~ra~h 7. 
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Barly authors !1<:.ve o~se!";;-eè. 3 t:.Tes of movements: 

2. ?cnduluQ noverncnts. 

3. ~eristaltic contracticns. 

~ seZDcntin2 contractio~ is a loc~lizcd circumferential 

contr~ction involvinz ~t t~e Dost 1 cm - 2 cm of boveI 

Thcy occur in irrczul~r <1 ses,ucncc of incrc<:!.s crI 

:o~etice3 se~mcntinz 

~ccr ai rc~ular inter;;-~lz ~t a maXiQlliJ r~tc charactcristic for 
·13 

a Civcn sCQmcnt of intestine. Sannon called this t~7e of sec-

rncnting acti vi ty "rh;:;-tbic contracti ons". 

'l'he fre'luc!1c~' of J::.:: e r~;.--thr;üc contractions "Jere studied 

it 2ecreased ?rogressively 

accorclin~ to !l gr~dicnt f:=o;: the duod.enum to the ileo-caecal 

Y.::.lvc. In the (:o~ this :"rc-:uc:lcj- is é'.bout 18 le!" min. in the 

cal ~ • ..L • COno.:tL-lon::; 

... -. -
'""_"': 
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lis sand Starling as the "La,:r of the Intestine Il: Il ••• Since the 

whole act i5 evoked by the ?resence of the bolus in the ~ut, 

~e must say that the stimulation of the mueous membrane and 

the streching 0:[' the ";ialls of the gut at any point set u]? im-

pulses vhich are transmi tteé!. both up and dO'dn the intestine 

and e<1use exci t<1 tion above, inhi bi tion beloi,1I 4. One can indeed 

state this conclusion more generaIIJ", na~ely that, if cercbro-

s,?inal reflcxes be excluded, excitation at any point of the gut 

is followcd by contraction abovc, inhibition and relaxation be-

I01·r. The presence of a ,·rave of inhibition could not be eon-

47 firmed by Alvarez • Peristalsis appears to be propagated ras-

ter in the upper th an in the lover small bovel 43 Feristaltic 

rush is a strong contraction vave running dOrTn the entire length 

of the small intestine. It seems that the peristaltic rush i5 

an abnormal motor action , .. hich for example c..ppear5 in late ago-

42 
ny 

Similarly antiperistalsis has been the subjeet of conside-

rable controversy. There i5 little evidence that reverse peri-

stalsis oceurs in ph~-siological conditions and there is no neeo 

t ' 1 t' 't l" l' t d t -18 o l.nvo.(C ;l.n l.j?erl.s ;l. 5).S 1;.0 eXIl ,nn re rogra e ransport • 

The -ç-illi thei7!selves have been descri bed as e:d1i bi ting ~:mm-

2in~ and pendular ~ovecents togcther with tonie contracticnz. 

\'ïllcus r:1otili ty is i!1d.ependant of th<:? ::1Uscularis mucosae. It 

i s activa tcd by neural sti;:m!;! ti on. ~ hor::.one, 7ïlli kinin, nas 
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been l?ostul~::.tecl to sti!imlr:.te thcsc movernents 1:hich 1?rob~bly f<1-

.. la 
cilitate ubsor2tion ./. 

The mater ~ction of the bowel has been studicd with a vurie-

tj- of intrultL'TIinal :::?rcssure detcction devices including ,rater 

filleù br:.lloons, 02cn tipped c~th0ters anQ more reccntl)r r~dio-

t31crnctric c~~sulcs. 

Code ct al. (1952) 50, using thc open tip:::?ed cathcter rnc-

thod, clescribeù rèlotili ty in man in terms of t! t;Y'J?es of ',,-aves 

(::?'i.:;ure 2): 

T~"l-'e l -I.-a"',r~s arc simple monophasic ·,iu.ves idth an amplitude 

of 5 cm - 15 cm ~20 and lest irom 3 sec. ta 7.5 sec. 

T:r".i?c II iraves are of similar sha:?e, bu't of cire~ter ~mJ?li tu-

de and durc:.tion. They re~ch 50 co H
2
0. 

Ty;:c III '"aves ~re complex: therc i:; an elevation in basc 

line pressure due ta ~ chan~e in tonus. On this 2rimary phenorne-

non, tj-~H: l arrf1 II '.:2..'ICS ::::'1"e supcrimrosed. Thc:l la st i'rom 10 sec. 

te 2 nin. 

T:'-:'lC IV ',raYes e:dst in thc colon a.nd the dista.l ilclliI1. 

Thore is ~ Ion: 1~3tin~ moderc:.te elcvaiion of ~rQssure (c:.~2re-

15 c~ =_0) ~ith no su~erirn~oscd waves • . " . .. .. 

50 • T.:::..~c l actiYitj- rc,::-resents ahout 95:~ 0= the Dotor ,;.ctiyit:.,·. 
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!ligure 2. 

DE PAftEBll OP Ilft'BALUHIllJ.L PRESSDRB YA'VES lB M.UT. 

TYPE X 
100-

TYPE ][ 

80-

60-

40-
20': A' 

- -.~ 

8 

5 

(Af~.r Code et al.) 50. 
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Correlation betveen the pressure weves and radiologie pat-

terns i3 not a com2letelJ~ settled matter. Fluoroscopic studies 

sho'.1 that tY.o!e l li::!.ves corresIJond to segmentinci contractions. 

I::r allcl 51 IV cre 2robably pro;.?ulsive • The tYre 

1:o.s been rcfcrred to as .::.n "ilea.l pump" emptying the ileum. 

There is cvidencc that segnenting contractions may repre-

sent ci thcr stationary or pro:r?ago.tcd ",·raves. Consequentl;)r, :;?eri-

st::!.lsis, in the sense of a propagc.ted wave of contraction, is 

not neccssarily correleted. llith the transport of chyme 52. 

In the cloz 1 s small bo, ... el, :leinke distinguishes 3 general 

?~tterns of activity: basal, bursts, and an intermediate t~~e 

(Fi.;ure 3). The three ty:pes arc found in the fastecl do~ vhen 

b~3al a.ctivity dominates and the remainin~ tirnc is sharei bet-

~;ecn bursts ancl the intermediatc ty~e. In the dig-estion state, 

thc internccliatc t:,,?c 1?redor:ïin,,~tes (80%), the othcr 20% consis-

tin.:; of hasal activi ty. The three t:r,?es cc.n be also classified 

in terms of t:,,?e l (1)[~sal activit;;-), tY1?e II (intermed.ic..te), 

ana t;}:JC III i:avcs (bursts). '.L'he interneclic..te acti vi ty i5 c..s-

soci.atcd "Jith a oi;.:in.:; .:..ncl liro~;ulsive function, ",llile the bursts 

rCj?rcscnt !:!ore clearl,:.- ?ro.:.;ulsion. There arc considerable va-

riations in the contractile ?~tterns a~ong differcnt dogs, each 

53 
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Figare 3. 

Basal~---------------------------

1 i 

Minltes 

(.u~.r KeiDke) 53. 
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7. ~""ERVOUS CO:TTROL OF :·:OTILITY. 

1. Extrinsic 2e~ulation. 

a) Inhibitory. 

The inhibitory effect of discharges from the splanchnic 

nerve has been documented by inunerable studies since Bayliss 

and Starlin~rs basic work 6, 7, 8, 9, 13, 19, 20, 23, 29, 54, 

55, 55,56, 57, 58, 59, 60, 61, 62 But the mechanism or inhi-

bition i5 still subject to controversy. The intimate conncc-

tion betvecn the splanchnic nerves and the intrinsic elenents 

is still debated. Eistochemical studies have demonstrated con-

nections ,;ri th the myenteric plexus ~·;here even t'wdrenergic neu-

63 rones are present . They mo.y act by depressing the release 

of acetylcholine from the ganglion cells and the neuro-effec-

61t tor junction. This view finds sUPllort in the ... ~-ork of Szerb 

·· .. :ho blocked the inhi bi tory responsc '\-tÏ th atropine (Pigure Li). 

65 Cclander is of the opinion that the inhibition is ~:~inly 

sccondary to vasoconstriction and to a direct effect on the 

S!:looth :::1Uscle duc to "overflo·, ... 'r of the adrenergic transnittor. 

60 ::0 cI;; on the contrary clui~s tho.t so-c:::..llc(l "oyr.!rflo .. ;" inhi-

bi tion i5 an artefact due to hicih fr~:uenc~' "non l.JhysioloZic Il 



-26a.-

:Figure 4. 

IlOB-ADBBNBRGIC nmIBI~IQB. 

D 

ACh? 
>~-?_--®)--@-( 

Non-adrenerglc inhibition 
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of stimulation of the slllanchnic nerves inhibition appears ""Ti th 

considerLble dela~r, unusual for a mechanism of neurogenic natu-

re. The inhibitory response is not obtained in the absence of 

the ~.drenals !!.nd conseq,uently he believes that the hormonal 

66 coml)onent of the sY"in]?athico-adrena.l axis has 1?recedenee. ::riatt 

casts sorne doubts on the role of circulating adrenalin as the 

e~us e of long st~nding inhi hi tion: the response follol;ing intr:l.-

venous injection of adrenalin in the experimental animal is Oll-

ly of short duration ~nd does not parallel blood level varia-

tions. :?urthcr discussion on the mechanism of action ..t> .. 
0.:.. ~Qre-

nergic inhibition ean be found in para~rarh 8. 

The splanchnics contain a certain nur.:ber of cholinergie 

fibers bclon~in~ ta the vagus. TheJr eonta~n also s?inal affe-

remts. This f.:1.ct e;.glains the l.mreliabili ty of direct electrical 

stinulation studies. Controversy exists over the possibility of 

:;encT3.ting anticlromic Ïi:-:pulscs b:-~ this ::1Cthod and consequently 

artefacts 62, 67, 68, 69. The results arc influenced hy the ini-

ticl state of activity of the intestine. If inactive, s~lanchnie 

stir.mlati on i 5 follo· .. -cè. by an inerec.sec1 moti li t:,', i f active, 

t , "'"b"""" ". .. 62 non 1nnl l~lon lZ ooserVD~ • 

L'1 intestino-int~stin",.l inhibitor3. rerl!?x h2.S been deseri-

bea 

tine c~uses inhibition of rnovc~ents of t~e cntira sGall intesti-
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Section of both the splanchnic nerves and pelvic nerves is ne-

cessar,y to block it. It is a proprioceptive spinal reflex. Â 

decentralized reflex through preaortic ganglia has been sug-

gested but not confirmed. The intestino-intestinal reflex is 

under the inhibitory influence of supra spinal structures loca

ted in the rhomboid fossa 71. 

Â gas~ro-duodenal iDhibitory reflex has been described by 

Daniel and Yiebe in 1966 72. Distention of the stomach inhibits 

the duodenum. The response is blocked by sympatholytic drugs 

and reestablished by norepinephrine. Reciprocally a duodeno-

gastric reflex causes inhibition of the stomach vhen the duode

num is distended or contracta intensively. This response is abo-

lished both by chemical s,ympathectomy and by bilateral vagotomy. 

Vago-vagal reflexes control inhibition of the stomach ÏDi

tiated from gastric receptors sensitive to pH and stretch 73, 

74, 75. The vagus contains afferent fibers from intestinal me

chanical senaors 75. These are possibly involved in. an entero-

gastric reflex vhereby distention and chemical irritation of 

the intestine causes paralysis of the stomach 48. 

b) Stimulatorx. 

The vagus nerve is referred to in .ost text books a.s play

ing a major role in stiaulating motilit,y and mainta;n;ng aa ade-

,.'. 

.. ,; 
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~lua te intestinel tone. If th,~s holds true ana. is i';ell documen

,/.8 
ted ~or the sto3~ch ' , the peucity of the data concerning its 

notor action ~t the level of the sm~ll intestine reflects hov 

~)Uzzlin.:; the q,uestion is • .:.;til7lulation studios rcvealed gcneral-
~, 

1:;" er.:,uivocel rcs1?o:ases. 3ayliss l1nd. Sto.rlinz ' observed first 

an inhi hi tion follo,,"ec1 b:," gr3.clual increase in the number of con-

tre.ctions. This ~les most marke,} after '.li thùrairel of the stir:m-

lu::;. ::ore reccnt ,;or};: sb.o~.reù that the basic activity of the in-

testinc ".laS of im20rtance in the res:?onse obtaine!l as in s:;?l.:m-

chnic nervcs studies. L stimul\:!.tion is obtcined in the rcsting 

intestine :::.nd an i!Ùü bi tion in the ccti ve bovel 62. Follo\'ling 

v~zotomy in the do~, Faik 76 could find only seme slight del~' 

and decrease in tb.e Zeedin~ reaction. The ~erist~ltic ~aves 

',,-ere less in number, of shortcr (luration and occurred at loncer 

interval of time. 205S, using the radio-telenetric ca]!sule, 

c ould only fina sli!:rht ch.:.nces in the r.l0tili ty of the sm.::ll in-

tcstin0 in 2ctients l1ftcr vazotony. These results point to the 

~l1jor rolc of the intrinsic ncrVQUS mechanism in ~romotinz rno-
., (', 

tili ty J'_i. 

lJl f':::.ccelerativc" r:asiro-ilcal reflex has becn '::csc:ri ber}: 

~n i:acroasc in :ast:ric ~ctivity is rollo~cd by an increl1se in 
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.I~e;:-: such ~s t~le cin~ulD,tc g;:/rus and the insula are associ2.tcd 

o 0 0 0 0 0 :; 8 77 
... n.th an lilcrc::,sc ln ~c.strlc z::otlll ty' The role aÏ coo-

tian.;:; 0:1 the mot or Ïll."1ctions of the Zé.:..stro-intcstinal tr:.:.ct 

2. !ntrinsic ~eŒUlation: The ?eTistaltic Reflex. 

':l~c .:;:cristaltic rc~lex is a r.mcosal reflex a.s i t is a rcs-
.:: 

) 

20n~a te an irritation of the rnucosc.. Ii i5 indepcndent of the 

axtrinsic system ~s it can be clicited in an in vitro prepara-

tian ",:herc 00til tl:c sy!:1]?athetic and the va;:us have been sevc-

rcc: "'!, 73 
• It ha.s 1Jcen .:::.no.lysecl ]}harmacolo,3'ic::ll:,r usin.::; c1iffe-

ren-c <..:.utonor::i c end central nervous systcm transmi ttcr blockin.,: 

.or, 73 
;.: .: ':: n. ts ., , , 79 't ' or Dy rans::mra_ clcciric sti~ulation in con-

nA 
01 ..,. 

• ';'I!C C~c.ct location of theso rcco:tors is 

~~o~~b!:- co~ccr~el. 2cno~sl of the ~ucous ~c~~r~nc, local anc:-

t::c :-~~~I'l~::: ~~:"'tc~ :'nt:-c:lll;:-,'!i;;,,::..: ;~~:.:.::':l~!.;.J.:r:'''2rtior:. of 3':":~ ~~~:;:~O..., rlf!S-
.; 
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.JI 

:Jl te com..:.;lf;~te c1e.struction oî the mUCOSQ a.nè. subrJucos2.. 
0., 

.•.. " .. ~ .. _~ __ ' __ ~"'_.H'-·,·· ... ~. '" 

ly, ~iac~nt, Eosterlitz an~ ~c~enzie UJ described the 2rogres-

30 minutes in the in vitro b~th. These chen:cs consist of 2ro-

:rcs~ivc s~cQain: off of the Ducosa.l cell~ ~nd ~rc siDil~r to 

staltic reflex in vitro ~ccordinc to these ~uthors. 

~licit~tion oi the reflex c~uses contraction of the lonzi-

tu~i!1:!l muscle 1;hicll is tolloi/ed b;;r contraction of the circuL?,r 

BUBcle. The contr~ction of the lon~itudinQl ~uscle . .!.1~S 
ner..ts: a grac1eil re s!'onse to subthresholcl stiuuli tl.:ld n. n~=:im2.1 

ta above threshold sti~ulation (Pi~ure 5) 84. ::ostcr-

litz estin~tc~ t~at the contraction of the lon:itudinal muscle 

d.cos not tri.:;;r:cr the one of t!le circuln.r muscle ~s he "';::!s able 

ta block 1.·11e fornel' ' . .-i t~: ::.iC~l conccntr~tions of acet:.ylcholine 

!"''''''-.i' " _ _ 1..-._ ."'"'1 '. "',01. T"" 
.--~_.- -. 
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:Fiore 5. 

DE POS1'PT·A'l'BD CODtBCTIOliS IRVOLVBD DT THE GJUDED .AJlD PERI

STALTIC RDLBX. 

A 
Gradecl refle. 

ACh 
) @ 

ACh 
)...--~® )1--------I® ..... -4 

ACh 
Peristaltie refle. 

(After Eo.~.rlitz) 84. 
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lar Duscle than for th0 longitudinal one. Initiation of the 

longitudinal contraction r<:.ised sufficiently the intrallEinal 

2rcssurc to elicit e reflex contraction of the circular one. 

!hc l~tter was follc~ed by reflex active relaxation of the lon-

zitudin~l muscle (Figure 6). The circular contr~ction a;2cared 

ulso to have 2 corn~onents: first the reflex contraction just 

described; secondly, a delayed contraction could be observed af-

ter ~ithdruwal of hi3h fre~uency stimulation. The significa~ce 

of the latter is quite mysterious. Kottegoda concluded fro~ thc-

sc observations that one coat modul~tes the activit~, of the 

other. ~e could not find evidence of cholinergie transmission 

to the circular muscle 80. It is not within the sco~e oi' this 

?~esentution to cio into the details of the 2harm2.cologic~1 cx-

l?crimentations attc!ill'ted to clariry the nature and raIe of the 

dii.'fcrent neu::-otransmitters involved. l'resently only the choli-

nergic nature of the excitatory 2athwa~'s to the longitudinal rnus-

80 
cIe is clccrly established . ~he other transmitters ~re 

thetic.:.:.l. The neuroeffcctor junction itsclf is not oi' the 

39 tic t~~c an~ is of conjectural natu~e 
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Pipre 6. 

SUGGES1'BD IftlWflJJUL mmvous cmnmCTIOllS BXPLAIliIHG HE RB-

CIPROCAL DmIBITIOll-STDlULAfIOH OP ONE HUSCLE L'1ER OVD THE 

OTHER. 

SubmuCOUl Orcular 
Hucosa plexus muscle 

Hyenterlc 
plexus 

Lonllcuctlnal 
muscle 

+ 
A 

8 

(M'ter Eo'ttegocl&) 80. 
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8. ~02:·!OX.AL Cœ-:-T20:' CF :~OTILITY. 

Î. Inhibition. 

) .,...,. h' a '::"pluep' rJ.ne. 

Epincl?hrinc has becn lœo,m fer years to induee é:!.n immedia-

te inhi bi tion of intestinal aeti yi t.y i{hen administered intrave-

nously to vertebrate animaIs. It ne.s no effcet ·.-.rhen 2.clministered 

intru.luminally into the gut 86. Aè.renalin inhibition of the pe-

ristaltie reflex bas been repeatedly demonstrated in the rabbit 

~nQ the guinea ?iZ, the most com~onlJ" used animaIs for in vitro 

eX"l?erimentation in this field 78. The ::..ction of e,2inel)hrine ancl 

other catecholamines is l,)ossibly three-fold: 

1. Action on the intr<::.mural gan.;lionic a2paratus: at this 

level adren2.lin ",·;ould influence !'..c~t:,rleholine release fro:n the 

- "~t· t" 6·;, 8,1 ",.. . _. 1 neurones an:1 neurOCl..:.ec or June :!oon • ·':'.:lJ.= 1.5 o..lseussc< 

2 • ..;~ctio!! en t!1C 5:::00t~ nuselc i t3elf: tl!c ncehanism ~;ould 
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eut ive te ~dron~lin 
89, 90 The ?rccise mech~nism of inhibition 

if:: ~l:!.'oscntIJr not ll..."Ildcrstooc1. 

3. Action en t~e blood vessels: catechol~rnines c~usc ~ ve-

socenstriciion. The rclations~i2s bet~:een motility and blood 

7ho n~turc of ~arencr;ic intestinal rece?tors has bC2n t~c 

:m9ject of lTluch controyers;y. The ty:;o an2. fU!1ctian of the ro-

cc.;.: tOl'S vary clo?ondin.:; on tl1.e intestinal loyel ~mcl spccios. The 

sto~:.:..ch 2.nd iloum of Je,he dag. soom to coniain exclusi vely in'hi-

bitory ~1I'ha Gnd bete!. receptors ,{hile the duodenum is bclicycè. 

ta ?ossess al:ha inhibitory ana b~ta cxcitatory roco?tors 91, 
('l'l 

/-. In r::an not only is t~1.C dist.ri::mtion 2.nd ne!.ture of the re-

'=!c:rtors ru:clcar, but the clinical observa tians in this res;:ect 

!-laye boc:l 1'2.. ther :;:JUz:::linG: ':?[l. ii cnt ~ii th CD. iecl1ol~minc secretin,7 

-t-wnourz do not Dave J}aral;/-tic ilous as a rule an<'l cven à.iarrhc:,. 

93 It iz oZ inicrest thct cr.!.rt}nol~-tic c!.:!.'ucis 

"0 
:12~rc 'bccn tlSet~ in tl~.~.! trcc..t:1c!.1t of clinicc.l ~;:;.r::.l:-tic ileus . "" 

,,-
·t~~,. e~~~~c-~ .• ~' ::l~ ïel<. . .J~1.ori~!~.i.~~.:; :)ct·~:ce~"1 1)o'"t:: -t.~-~C:.i 07 ;:·?c:.;:.: to~::: 
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lfigure 7. 

ADRQERGIC INHIBITION. 

ACh ACh 
) -{. @ »)----C@~--t( 

Adrenergic inhibition 

(Af~.r Ko.t.rli~s) 84. 
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.)0 

inhibition is concerned. 

b) kntidiuretic ~ormone. 

?rior to the ~dYent of n~so-JQstric suction 2ituitrin ~T~S 

frCClucntly useè. in. the treatment of ,?aro.lytic ilcms. It \:.J.S 

thou,:-llt to !lG.ve excit:::.tory influence simil[!.r te that scen .li th 

Si7looth rmsclc of utcxine origine J.ecent eXJ?orimental stu,lies by 

Ei:~.t,t, c;.ooùJ7:a.n 2..!1cJ. ,:UQ.vi 110170ve:1.' der.lOnstr~ tocl an inhi bi tory ef-

66 
fcct . These authors û.ttributed also to ..:' ... :>E a role in "coorcli-

11.2.tion" of intestin~l Ti1otility. The }?recise mechanism of action 

is Dot unclcrstoocl but infcrence from somc ~:erk by ",;~cllin~ton 

tOjr:::.rcl J '-5' cyclic 1.2P 94 

c) Gluc:::.gon. 

":':xperi;;;ent;:;..l 1:orl~ by Eoc1\: (1967) 112.S zug:;cstcd .:tn in11i bi-

tor;:,' cff0Ct u.Jon intestinal .:tcti vi ty l'ollo-,:in.:; inj cction of 

~luca~o!l. Once :::'~D..in reccni studies on the ~odc of 2ction of 

to u~.on 
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. t t· l t ·1· t 97, 98 T' h b . .. t..· tl 1n es 1na mo 1 1 Y • ney ave cen 1ncr1m1na ea 1n 1e 

mcchanisr.1 of excitation-contraction coul?ling of the sl1iooth 

muscle and might be released folloving contraction of the smooth 

98 
muscle itself or sympathetic discharge 

e) Sccretin-~ancreoz}~in. 

Pancreozymin and mainly secretin haye an inhibitory action 

en the œotility of the stomach. The mechanism is largely un-

Imo\;n but i t is I?ostulated to be related to the "enterogastro-

ne" complex 99 

2. Excitation. 

a) 5-EydroxytrJ:?tamine. 

5-IIT upplied on the muccsa of the intestine fucilitates 

the clicitation of the .l?cristaltic reflex in vitro. ~:~':J'plied on 

the serosu the facilitation cff&ct is ~orc transient and is fol-

lO;~'cd b.y cOf.'lplete abolition 78, 
"" r~f\ 

• JV. In vivo the affect is 

nc.rLcè. ufter intra.:.rteriul tb.un intravenous injection. The sti-

cu12tion is usually followed by an inhibition of ~crist~lsis. 

It ~as su~~ested that 5-2: ~as ros2onsiblc for scnsitiz~tion of 

the recc2tors invclvei in the ?cristaltic rcflax. ether ob~ervu-
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tiens b;:..- :Iu1mhara (1960) indic~ ted tha t 5-ET i S lIre bably :lot 

necess~ry for excitation of the mucosal rcceptors as the peri-

staltic reflex va~ m~intaincd des?itc S2ccific de-scnsitiz~tion 

to 5-:!T 
-!r·1 , - . 

,-) uo ct." .: ) _.1"", ""n-,-ne. 

2ist~minc ~cts directIy on the 5~ooth ~uscIc and produces 

Ct. D:.!.S S S:)<:!,Si7l ".:!len inj ected intra.artcrially <.!.nù a v..:.ria bIc notor 

rcs]?onse ... ,!len ziven intravenousl;:/ 86 It 2robably ncts on the 

movcrnents of Ca+~ at the level of the excitation-contraction 

1 
102 ",eclanism 

c) Braclykinin. 

3raè,;~kinin h::ts ei'fects very simila.r to hist::tminc 86. Other 

~!or]<:crs observccl .:'. dc,?ression of :;:cristelsis ..,;i th brady!dnin in 

103 vitro ~hcthnr it uas a2~lied on the mucosa or serosa 

d) Substance P. 

'::ubstc.!!cc ? ad.!:::inisterecl int:-<l.vencusly incre2..::es :;eri:;i2.1-

si s. cn the ~ucosa it has an affect 

and mucosul rece=tors have becn Jcstulated 
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the serase it inhibited the peristaltic reflex 107. Substance T 

is involved also in stimulation of the viIIi 108 

e) Gastrin. 

Cias"trin l o.:lQ II have <1 1're2.k stimulating action on the mo-

tility af t:!lc small intestine as demanstrated ex:perimentally in 

t , t 109 1 110 'T"h·· ·b1 h 1· . -"f nc ca anL nan . ~ ~s ~s poss~ _y a c 0 lnerg1c eI'cct. 

:ru1 ti:::lc other j?01:'7cptides such Zl.S angiotensin also have a sti-

h1ulating effect on the smooth muscle of the GI tract. Prosta-

? are also among recently studicd excitatory 

substances 97 

f) Tnyroïd. Eorrnone. 

:-:,:.r;,cdema is often :lssociated .ri th a decrcasc in motili ty 

<lne! evcn so::;ci:!.!:1cS -.. -i th ,;;aral;j'tic ilcus • .2eciprocally din.rrhea 

is ~ frc~uent ~resentn.ticn of thJ7otoxicosi~. Tho intcstin~1 

Gec~n.nics c~ t!lese ~isturbnnccs h~VD not been clcarly ~nalysed. 

'::;i;::il:;.rl~- t·~c: ,-,ode cf actie!! of the thyroïa. nor::1enc: on the ncu-

re-suscul:.r 2.~ __ ~r::.tus of t::c i!licstine is unknc ... m 11 -: 
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g) Adrcnal Cortical ~ormones. 

Adren~l cortical extr~cts enhance the peristaltic activi-

t;j' of the SP-1O,ll intestine in the rabbi t, do.; ancl human at lOit 

concentrations. ~·:..t higher concentre.ticns an inhibition is obser

ved. This nizht be duc to the action of mineralo-corticoïds 112 

Obviousl.y very li ttle is 1mOi'ln about the DeLtter o,nd further stu-

<lies are need.ed. 
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9. IXT::1STIX.:~ BLOO!) PLmr ?:.EGULATIŒT. 

The mucosal blood. supl?ly of the intestine is considerable 

in order to satisfy the enormous mctabolic relluirements essen-

tia.l for noreal absor:ptive and secreting functions. These "ex_ 

chu;lse vesscls" exhibit in the intestinal villi a pe..rticular 

l~y-out which has been postulated to ~resent the properties of 

Il countercurrent mechanism ("p;(1'ure 
,'" -0 ~ 

1 1~ 8) . .:;, 114 Db 86 ~ ~ t; ~ • _~ .... r .... c _onv.-

tion techniques have ShOrrD. that in the rat· the duodenum has the 

hi~hest functional ..i?erfusion rate per lmi t of tissue 1!eight ;,ri th 

a I,rociressive decrease in functional floi[ from Treitz' s ligament 

to the colon in accordance with ~lvarez's metabolic gradient 
1 1-

theory . '. The flo"\! through the mucosal, submucosal and cuscu-

lc..ris beds is regulated by precapillary and 'postca.::.üllary rcsis-

tance sections ey~ibitin~ the propcrties of autoregulation (Pi-

Jur·e 9). In the dog 2/3 of the blood SUIJply is directed to"'J.rd. 

the mucosa and 1/3 to the rest of the bovel wall. The autoregu-

lator;:; neche.nis!;l consists of a I:!l,}·o.:;enic reflex and of Ci. s:''1ilj?a-

thetic axon reflex ~ith recc?tors on the arterial side an1 ef-

factors on the venous side. The mcchanisrn is activated whon 

blood flov decreaEes or ~hen tissue anoxia su;crvenes irresrec-

tiv~ of the c~use 1 16, 117, 1î8, control 

of ~u~ore~ul~tion has ..", 1 2C; been extensiyely studied b;;" ;.:oL,;:o~,; • 

Continuc~ s~=2~thctic discharJc c~uses ~n initi~l incrc~~e in 
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Pigure 8. 

COtMTERCURRENT EXCHANGE 

of easily diffusaIIl. IUbstanc:n in lM 

viIus.~: 

impHanc. of absartItion 

- -..., ..... IaI ... ond --... ~.--., 
....... for .... 0 ..cuIor ... 

- coIIecIÏIII ... 
;r.;z'h'k. lIIdeoI 

(~~.r Polkov) 114. 
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vascul~r resist~nce with a decreased mucosal flow. This is fol-

101ied after a time by a decrease in vascular resistance owing 

to t'.n tlautoregulD..tory escape". The blood };)asses through 10', .... 

resistance ~uhr.1Ucosal channels and is shuntcd a'.·;ay from the mu-

cos~ duc to persistent v~soconstriction of the rnucosal vessels 

o'.:in.:; ta a s.;;ecific distribution of the uIJ?ha adrencrgic reccf-

tors. The countercurrent mechanism im~lies a short-circuit at 

the base of the vllii ,;hich decreeses the blood flow at the tip 

o!' the villi, thus delayin.:; absor2tion and offsetting the osmo-

t:.c 2roblcms assccic.teè. ~ ... ith this function. In ischemic conè.i-

t:'ons this mechanisrn a:ppears to reinforce the detrimental in-

flucnce of 
114 t!1e "autora:;ulatcry e3ca~e" action 

The seg:-:-:enting contrû.ctions of intestin.::.l ~cti vi ty are as-

sociated ~ith a reduction in arterial flow and an increase in 

venous outflo'.· .... 1-. ]ositive Î 21 . effect results • Tonlc 

contractions on the contrary can interfere -.rith this InunJ!ing 

affect to such a dc.:;ree as to eli~inate it com~letely. 5ut ow-

in~ te v~lvular dis;ositives in the veins drainin~ the submu-

cous ~lcxus, thore is no reflux of blood. 

l'he ~.:'fcct of r:.~~.3eous distcntion u.fon blood flo~: of the 

-. r. 
-"'"1"0' 

intosti~Q. ~ec~nt stud~~s in ::i ..r~~: 

1 2,~ , 

q-. ~) 
.. r 
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Pigpre 9. 

THE SITES OP AUTOREGULA.TIOlf. 

INTESTINE 

r.siltanc. 
--- sphlnterl 
-.- copacltanc. 
-.- coplnar'" 

INTRAHEPA TIC 
FLOW RESISTANCE 

(Mwr l'olbY) 114. 
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and silicone rubber injections indicate that the flow is decrea

sed by 30% at a pressure of 30 mm Hg or above, and provide evi-

dence for a shift of blood away from the mucosa in these circum

stances 126. The caudad gradient in flow distribution and the 

anatomic disposal of the blood vessels along the bovel wall 

are responsible for an increase in ischemic susceptibility from 

duodenum to colon, the antimesenteric border being particularly 

.~. 12 SenS1.,1ve • 

The motor behaTior of the small bowel, as well as being ca-

pable of influencing blood flow, is also reciprocally intluenced 

by the blood flow. The consequences of hemorrhagic shock have 

been the subject of contlicting reports. Inhibition of gastric 

and small intestinal motility has been reported by some yorkers, 

whereas others have observed a stimulation 127, 128, 129. Post-

mortem contractions have also been described, lasting a lev mi-

nutes, and are related to acute ischemia such as aortic clamping 

130. More recent work by Schamaun (1966) and Zfass (1967) confir-

med an increase in actiTity immediately after arterial clamping 

or during hemorrhagic shock iD the dog 131, 132. In the rat the 

relationahips betveen the severity of ischemia and the propulsi-

ve motility are auch that a moderate ischemia is associated vith 

accelerated g&stric emptying and increased intestinal propulsi-

ve motili ty, vhile a severe impairment in floy reaul ta in a mar

ked delay 133. Though the atimu1ator,y effect of moderate or ÏDi-
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tial 2.cutc iscneoia is ',;oe1l ~cce2ted, the rcl2..tions21ips bet ..... een 

blooa flo~: ~nd motility are often vari~ble and inconsistent. A 

?:~:1rm::.coloZic ~n~üysis b:;- Shehaè.eh could not ·lre ... .' :1!1.Y :?er~llel 

bet~:~en the v~soconstrictor or v:1sodil~tor ~cticn or v~rious 

ilru:;s an(~ thcir effect on motili t:/'". Thus acet:ilc1:o1ine, él. à.ilc-

tor, ~nd ~nliotQnsin, ~ constrictor, ere both cssccicte~ ~;oith 

a 3tiDul~tion of rnotility. On the other ~~nd, nor-e?inc?hrine, 

97 an inhi ~)i ti on 



10. 

co:!t:r:.cti on.:: 0::: 
1 :,.-:-

• But ~s his electronic 

COTa tll'J :Zc~::dj CC:i ... onen:L:3 O~': electricc.l c~ctivi t;;". Tl:!.!? electro-

.,,,r:: 
r112:,-t:1.r:; iJ~;- 3r:.ss l..JJ. ()thcr c~t.~.IG~!.or3 :Jcc,J-: of n:;lo-~,- " .. Tr!~Tes" ~s 0:)-

-t"h 
.J
L
·._110 {'..., r::!+ "'0'" "n.)..l· ..... 1 C" '.-;' ,J 0"-_ -;.......-v..J! V\...; v. __ ..... ~ ... 

level in t~e int0stine ~n2 ~lso the indivi~u~l. It can3ists of 

rC~QtitivQ dc~ol~ris~tion-re:ol~ris~tion cycles. rts Sh~J0 i5 

cccur u:::t:".ll:,· on1:,.- dur in.:.; very intcn!:0 <;..ciiyi t:,-. T!lC ù~:;ol(.:.ri-

s::ti.on 2.:;SOCL.;.tcc!. :;i th ~m autours':; of s ... ·i::C2 i3 usu~ll.}' lc.r,:,;·cr 
""')'7 
'..J 1 

. . 
·.Je.:';) C 
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Figure 10. 

Â PATTEBH OP J'EJUllAL ELBCTRICAL ACTIVITY IH TIŒ DOG. 

@COMT 

<D COlT 

CAUDAL DISTANCE (cm) 
~RO" L1G. O~ TREITZ 

60 

T.t.-!Osee T1111Y 
1 tOste 

(M'ter Ba •• ) 46. 
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but the reverse is 1~O not necessarily true • 3t:ss (î965) 8clltions 

that occ:::'5ion2.11;:," 1 - J sIiikcs are gcnerateè. ~;it~ot!t 2.:l':;T chan-

~C in intr:::.1u~in~1 ~rcssurc 
~ '" l', 1 In s~ite of this aiscrGp~ncy 

l,JotC:l tic~ls; thc clt!ra. ti on of such ~n ~cti vi ty :::.r:.ë: inir::..lur:ün::..l 

..}:!.'cssures. ::ro bc::'icycs that t:~0 acc:!.sian:;.l è.isc::"e?~nc:/ is àuc 

ta t21C E:.1ct t::o:t t~lc c1cctri(! rcco::-è.in;; t2cr...~ic.:.ï.:c ie !:lare sen-

tivity a~ the circular 8uscle than of the lon~itulinQl one, but 

"r~rifi c fI e:~.,e!~imcn JC.2.11~·-

(o..:l:l .;.Jas si 1ü;; incrc::::'3CQ chc~ico..:' ta 
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gradient vas not a regular progressive decrease. ~e phenomenon 

occurs as a succession of different plateaus of frequency. ~e 

frequency of a single plateau is dependent on the frequency of 

the local pacemaker. The areas connecting the different plateaus 

form a zone of wave yaxing and waning. The zones of waxing and 

vaning and consequently the pacemakers are subject to shifting. 

The isolation of segments of intestine of different levels is 

folloved by a drop of frequency in all the segments as if they 

vere formerly driven by the higher frequency of the segment 10-

cated immediately ab ove 139. Bortoff has compared the intestine 

to series of interconnected oscillators set at progressively de-

creasing frequencies. This model shovs that the zones of vaxing 

and waning correspond to the area of interference betveen tvo 

oscillators 142. The practical consequence of this observation 

is that section and anastomosis of the small intestine are accom-

panied by a drop in trequency in the distal segment. This is 

permanent in the dog 141, 143, 144. The drop at the duodeno-je-

junal junction atter section and an&stomosis is from about 18 

19 1 . ~ 13 14 1 . 145 El t· 1 cyc es per m1D. ~o - cyc es per m1D. • ec r1ca 
146 activity is metabolic dependent • The BER trequency is conse-

quently decreased by cooling and increased b,y heatiDg 14. 
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a) .101e of the intrinsic plexus on electrical activitv. 

r:œmhara (1961) clescribed a ]?roceclurc to clestro,)' selecti-

vely the enteric neurones. ~e Ferfused loo2S of intestine vith 

non-o:ç-~en~t9d TYl'ode solution for 2 - 3 hours and observed his-

tolozi ce:.l cle ~·é!!lcl'<:' tion of the neuronel cell s. :;.1?l:'c.ron tly the 

3=2 is not uffccted b~' such a Eroccdure and he concluded that 

the sI0",; ';c.ves .:;;.re essentially Ei'yoJenic in origin 1-18 
• Szurszev-

sl:i re,l)c~;.te"l this ty.Jc of ex:?eri8ents but -:':~.s not e:..ble ta con-

1i1:'8 co!:::;lctcly the find.ings of :~ulmh\.!.ro .• :::e observecl a 70r; de-

.::;ene1'ation of gan.:lion cells aftel' ,'; hours of Tyrocle perfusion. 

~ Jro~ in frequency cnsued and he formul~ted the h~~othesis that 

the intl'insic ncrvous Eathways ~i~ht have a rolc in the mainte-

nance of tho level of cxcitability of the SQooth muscle colIs 

b~i the constant .;?ro1luction of a.cetylcholinc. !:e observcd. elso 

th:::.t ùestruction oï the nervous ::;lexuses lcd to <:l.n anarchie liTO-

~ 2.Z':" ti or.. T1:c intrin3 i c 210xus s eens con s es;.uentlJ es s en tio..1 for 

uboral conductio~ 

b) ~olc of t~o extrinsic norVQS on electric~! ~ctivity. 
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du~~tion. These effects ~re vari~ble ac~enùing on the level of 

res tin:;c..cti vi t~~ 62 

) 
. .l.. fi 

C _!oc 1.1' on o· <lrurs on electric::;,' acti "'ri ty. 

T~1.0 J=~:' is l'olc..ti·yely re.sistar.t to .Ç:::m.:;lionic blockin.: c..-

!ntr~vonous erine2hrine increa-

sos ~t~ r~t~ ~n~ Qesor~unizcs the 2c..ttorn of the recordin~s 151. 

'::;orotonin v.nCi. r:'.or:;/J.inc cause o.n inc:::-ease in cn:;:·li tude ar.:.à. (lis-
1/1 a ;-., 150 fitressin decreuses the rata ~nd em-

,;;11. tuc~o o:~ the J:::~. In contrc.st to t!'lC :!JEJ. s:;:ikes a.re 'Trery sen-

sitivc te ~11a:::,~acolozic~1 2.zents: choliner~ic drugs initi~tc 

thon ~~1ilc c..drcncrgic a.nd anticholiner.::;ic ones, i~cludin~ ~anc-

lio:1-hlocJdn.::; 2..::;cnts, 1 · . t t' C l.I.: J.. ne. C llCf:1 
Î 50 

C;onsc-

:uently suLtc..ncos ~c:ressin.::; th~ ion tr~n.srort suc~ as Liel, 

, . 
~ncnoncnon lS ac-
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centrations of ~a+ ~nd ~+ have a stirnul~tory action, 2rob~bly 

throu2h the li b0ration of i!cetylcholine. Other st<'ldies on the 

t~enic coli stri? h~ve ShOl~ that the resting ~otelltial is main-

:;hilcrc]/ol,",-risation is de:?cuG.cnt on the extrusion of ::.'- î53, 

1 )1; 
. ~houvenot ~nd 20uzereau have been interestea in the cE-

fcct of the intrr..luminc..l content on electrical activi t:' in tlle 

rat. Glucose, ether sUJars, as ~cll as ~TP, cause an increas3 

155, :::tri:- o~ hY.I?crpolarisc.tion, ~/hich the;)" c<::.llccl "A II :rhenoGcnon 

:56, 157, 1-
n 

.)0. ~ne;r could rcproduce the fi..:':.." }?henoi:Jenon 1);;" ~è.è.in.:; 

in the bath 02 in vitro c:>..?erif:lcnts or b~" j?erfusin;::; '.:i t:! 

.1-.'-
bi~hcr concentrations of C~·· ~n in vivo 2re2ar<::.tion. ~hey con-

cluded that the rnucosal activitJ" c~n influence ion distribution 

.:-1.. 

in t~-:.e su1)r:~ucos;::. cn,l in the iTIuscularis. Cc" is cn c2sential 

i:t~rmin~nt of the contr~ctilc ~hcnomenon itsclî 
159 

t'» ."",.'-'-omic b'l'·l."- O' ... e 1 (>c..1.- 1'c..,1 t""'ln~""l.'C-<""J·on _ ~L("~t.t ~~~ .J~.~.'":; I~ _ __ t"..I ..... _ ................ ...:,.:4 ~~_ .... 

cell~ ~r~ in intic~te cont~ct. :~C~0 ~ite~ 
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Figure 11. 

ELECTRON MICROSCOPIC VIEW OF A NEXUS. 

Cytoplosm 

Cytoplosm 

(After Dewey, Handbook of Physiology, Sect. 6, Alimentary 

Tract, Vol. IV, American Physiological Society, ~ashington D. C., 

1968). 
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by hy:perosmolar solutions a.nd as a result the electrical :1cti

vit Y becomes desynchronized and a.narchic 160, 161. A nexus is 

represented in figure 11. 

·u.tht~ 

1 

1 
J 

1 
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11. LESlmrs OF THE SNALL INTESTI}.l"E .A.SSOCIAT-m ~"ITE REDUCTIOlI 

IN BLOOD FL01'l. 

The intestinal mucosa is very sensitive te ischemia irres-

pective of the cause. Undoubtedly the particular anatomical and 

physiological properties of the blood vessels of the villi, 

i.e. the countercurrent mechanism, are a major contributing 

element in pathogenesis. Such lesions ~ossess a high degree of 

experimental reproducibility and the extent of the damage appears 

to be directly proportional to the duration and severity of the 

ischemia. They have been extensively studied in this laboratory 

where their microscopie appearance has been classified accor-

ding to the de2~ee and progression of the damage as follows (Pi-

162 gure 12) : 

Grade 0 Normal mucosal villie 

Grade I Edema and hyperemia. Eventually minimal subepi-

thelial vesiculation at the tip of the villie 

Grade II : Discrete lifting off of the epithelium from the 

lamina propria at the tip of the villi forming 

the so-called Grünhagen space. Capillery dila-

tation. 

Grade III ~À~ensive shedding off of the eEitheliuo ~ro~ 

the tip do.~ to the side of the villie 

Grade IV Completaly denuded villi .ith l~oina ~ropria 
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J'i8'!lle 12. 

fIIB JfUCOSAL LBSIOIS COISEC11!IVE tO EXPDIIIBHAL ARTERIAL 

CLAHPIIG. 

(Atw~ C. J. Chi.) 162. 
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: ~nd dilated capillaries exposed. 

Grade V Digestion and desintegration of the lamina pro-

pria ~ITi th hemorrhage and ûlceration. 

This sequence of events can be follo1led in the dog during 

the course of experimental hemorrhagic shock or superior mesen-

teric a.rtery clarnping,. proving that they are not a microtome or 

fixation artefact as was thought in the past 163, 164. They ha

ve also been described in dysentery 165, folloi-Ting hypothermia 

166. 167 . , card10-pulmonary by-pass ,and in vitro preparations of 

the guinee. pig il.eUlll as an unavoidable concomitant of this type 
n,., 

of experiment OJ. The mucosal changes have found their clinical 

counter]?art in a vride range of conditions associated ,vith impair-

ment of blood flOi" or hypovolemia running the gamut from acute 

t .L • t 1 . t • t t . d . ..D. 1 1 68 , pos -operav1ve en eroco 1 1~ 0 conges 1ve car 1ac ka1 ure 

169, 170, 171, 172, 173, 174, 175, 176, 177, 178. The fact that 

these conditions a.re often associated ,vi th "stress ulcer" and 

paral~~ic ileus is of pa.rticular interest. The suggestion by Pol-

l~o1>; that sym]?athctic activation a.nd. nor-ndrenalin are importa.nt 

factors in rnucosal blood flo~ diversion provides a theoretic~l-

1.J~ <:.ttractive pathogenetic link betveen the t1ro conditions an(l 

. 114 is in this respect very appea11ng 

The intes·f;ine.l chyme is of maj or importance ·in the pathozc-

nesis or these lesions. The injury to the epithelia.l cells al-

ready met~bolically dCEressed by the ischemic prOCp.5s is fe.vored 
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by the intraluminal presence of p01-rerÏul proteolytic enzymes 

such as trypsin and toxic products of digestion 179. Thus they 

can be prevented by pancreatic duct ligation, trypsin inhibitors 

180 181 and by the administration of an elemental diet ' 

The renewal of the mucosal epithelial cells of the sm~ll 

intestine is usually com]?lete 1lÏ thin 24 - 72 hours in the mouse 

t 1 82, 1 83 , 1 84 or ra , about half the time needed for the same 

185 process in man It is possible that the renewal cycle is 

somewhat depressed in stress conditions. Very little data is 

available concerning the dog, but according to the experience 

of this.laboratory, denuded mucosal villi are covered again by 

an atrophie cuboid epi thelium lTi thin 24 - 48 hours follo1-ring 

162 shock or superior mesenteric artery occlusion 

:-': 

:: .. 
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12. T!!Z "DATROPHYSIOLOGY OF POST-OPEEATlVE Pll.RALYTIC lLEUS. 

The se~uence of events leading to post-operative non'mech~-

nical obstruction can be divided under 2 headings: 

1. The factors leading to distention. , 
2. The effects of intestinal distention and the vicious cir-

cIe initiated thereby. 

1. The factors leading to distention. 

ZA?erimental and clinical observations have led to 3 main 

theories of pathogenesis: 

i) Actuel paralysis or mechanical hinderence of motor acti-

vity. 

ii) ;Teurogenic mechanism. 

iii) ~umoral mechanism. 

i) :::?ar~lysis or mechanical hinderance of motor o.ctivity. 

Ec.rly authors suggested that a pure paralysis 1·ms the cau

se of 'post-o,i)erative paraly"tic ileus 1. The 'par~lysis ,,;,'as belie

ved to result from circulatory disturb.mces J, 186 or due te i!l-

187 . 21 188 fl"rn'"1a, tor;r and tox~c factors ' • Pa.ral:/,sis as sucll, 1.. e. 

the inability of the intestinal muscle to contrcct, has not be~!l 
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sholm to- play any role in l'ara,lytic ileus and is 1ridely rej ected 

.. 7 8 9 10 59 189 as an et10log1c factor ' , , , , • 

Nechanical factors such as micro-adhes~ons and fibrinous 

peri toni tis ... .,ere also suggested by Kocher 3. Except in cases of 

frank adhcsive mechanical obstruction, this explanation has but 

li ttle credit nOI{adays. !-lore interesting is the concept of ga

seous dilatetion as a cause of paralysis 190, 191. The overstre-

tched intestinal muscle is unable to cope lli th the greatly in-

creased intraluminal pressure in accordance with the Laplace lave 

In this ... vay a "paralysis" results. The clear understanding of 

the mechanism of distention has been complicated by the extre:'" 

me difficulty in reproducing distention in the laboratory animal 

192. Intestinal gas has 3 sources of origin: 

a) Fermentation inside the bowel: 

Gas forming decomposiiion of the intestinal contents has 

been the subject of considerable study by early German vriters. 

Diets rien in liquid carbohydrates are of particular importance 

in ihis respect. But the amount of gas formed in this way ia 

highly variable and depends on the general condition of the sub-

ject, the amount of food ingested, and the state of secretory 

and absorpiivc activity of the intestine 192. 

b) Diffusion of ?as from thc blood into the lumen: 

Gas exchange takes place bctween the blood and the intesti-

nal lumen on the basis of chemic~ èiffusion gradients. Because 
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of the high partial ?ressure of nitrogen in the air and ~onse-

Cluently in the serum, it is ]?oorly absorbed from the lumen. Con-

versely it has a tendency to diffuse from the blood into the in-

testine depending on the gas composition of the intraluminal con-

tente If hydrogen accumulates volumetrically significanily in 

the gut as a result of food fermentation, a diffusion of nitro-

gen from the blood idll consequently take place until the equi-

librium of the partial pressures is reached. This process is 

enhancedby tho.poor absorbability of hydrogen 192. This sarne 

mech~ism i5 responsible for the distention produced by the use 

of anesthetic mixtures rich in ni trous oJ0Jde and ethylene. A si-

gnificant degree of meteorism was obtained experimentally in 

dogs in this iTay by Cundy 193 

c) Swallowed air: 

The fermentation process is responsible for no more than 

30% of the accumulation of gas in the intestine. Dog experiments 

have demonstrated that the remaining 70% is due to swallowed -. 

air 13. Belching further increases the amount of air s'\iallowed·, 

as the amount retained in the stomach is bigger than the volume 

burped. The practice of mask anesthesia is another significant 

contributory factor 57. Despite the experimental and clinical 

evidence in ravour of gas retention as a causative factor in 

post-operative ileus, its im~ortance is somevhat lessencd by the 

recent demonstration that air is normally trensported in the 
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srnall bovel in the post-operative state 26 It is also readily 

obyiated by the use of nasogastric suction, thus pointing to-

ward the contribution of other factors. 

ii) Neurogenic mechanism. 

The presence of an inhibitory reflex mediated by the sympa-

thetic nervous system foll01dng laparotomy, manipulation of the 

visceral organs and peritoneal inflammatory conditions has been 

t d b 1 . d . "th" t 6, 7, 1 3, 20, 23, 29, 54, suppor e y amp e ev~ ence ~n e pas 

58, 59, 60, 61. The different postulated mechanisms of such an 

inhibition have been am?ly discussed before and need not to be 

repeated here. But it is important to emphasize that, from an 

cxperimental point of view, both the purely neurogenic and the 

purely hormonal inhibition are of short duration 60, 86. They 

are consequently not completely satisfactory ~xplanations. Fur-

ther, in normal circumstances the sympathetic system has been 

demonstrated to have little influence on intestinal motility 194 

iii) Humoral mechanisms. 

This is believed by the German school to be a major deter-

:ïlincnt. of the "ileus siclmess". Of the various hOrI:lones <:!.drena-

lin has received rnost of the attention aüd is claimed ta be e1e-
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vatec1 up to 3 times the normal in the full blo1.m ileus 6, 35, 

60, 65. The role of the other amines and poly:peptides is still 

unclear in the clinical situation. But recent experimentation 

suggests an action on the transport of electrolyies across thè 

membrane of the smooth muscle cell llhich consequently affects 

excitation-contraction coupling (see paragraph 8). 

The importance of ele~trolytes and fluid balance in post-

o:;?erative paralytic ileus is .o/"ell knm·m to the clinician. Po-

tassium deficiency was demonstrated to cause adynamic ileus in 

the dog by streeten 18. This observation "las confirmed by cli-

o 1 0 195, 196, 197 ~ IlOt . d t" nJ.ca. experJ.ence • .t'o Oi'1J.ng rauma an opera J.on, 

potassium excretion is increased, presumably on the basis of 

aldosterone stimulation 198. H01{eVer the significa.nce of J?otas-

sia~ loss at the level of the smooth muscle cell is still poor-

ly undertood. Daniel did not observe any marked alteration of 

the electrical activity of the intestine folloving arterial per-

fusion id th potassium deficient solutions despi te marked modifi

cations of the cellular elec~rolyte content 152. 

Nagnesium deficiencyhas a.lso been sh01,m. to ca.use paralytic 

01 200 V" t o ° J. eus •• ~g.nesJ.um excre J.on J.ncreases as a response to surge-

ry in a i'~ttern similar to 'pote.ssiurn, but the amount lost is 

not significa.::lt from the point of vie," of the overall be.lance. 

On tho other hand the deficit due to chronic ~astro-intestinal 

f'luid loss c~ lead to a significant dcficiency if the intake 



:..'lNlt ......... JlSi 

- 67 -

is reduced over a prolonged period of time 201 Once established, 

mo..gnesium deficiency canpromote intracellular potassium defi""': 

ciency 202. hypomagnesemia is also most often found in hypopa-

rathyroïdism (-';'Ïhere the hy:pocalcemia unmasks the symptoms of 

hYI>omaenesemia), multiple transfusions of citrated blood and in 

acute t ·t· 201, 203 pancrea 1. 1.S Hagnesium b.~s been è.emonstrated in 

vitro to be reçtuired for the elicitation c5:f smooth muscle contrac-

204 tion by ATP 

Potas~illi~ and magne sium deficiencies occur usually in the 

course of multi:ple electrolyie unbe..lance, butaccording to the 

presently available evidence the other ions are not as intimate-

ly involved in the genesis of paralytic ileus. 

~~other postulated hlli~oral factor is a defect in acetylcho-

line synthesis following surgical trauma. ~ relative deficiency 

in panthothenic acid has been the most popular explanation 205, 

206. Panthothenic acid enters in the composition of Co.â. lIhich 

is indispensable for the process of acetylation. Looking at the 

:problem :from another a.pproach, 1fekselman sholled that strips of 

dilaied stom~ch vere less responsive to a ziven dose of acetyl

.. l' 207 cno 1.ne. 
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2. The effects of intestinal distention and the vicious cir-

cles initiated thereby. 

Once distention is establis~ed by the conjoint action of 

gaz accumulation, sympathetic reflex inhibition, liberation of 

catecholamines and other inhibitory hormones, the chain of events 

leads to a vicious circle 1·rhich not only maintains and increases 

distention, but also results in a systemic deterioration. The 

pattern of derangements become essentially similar to mechanical 

obstruction. 

Distention stimulates the intestino-intestinal and duodeno-

gastric inhibi tory reflexes; a complete standstill of the 1oThole 

gastro-intestinal tract results. 

The increased intraluminal ~ressure impairs the intestinal 

blood flol'. At first venous congestion depresses the absorption 

of the accumulated gas and secretions. This is followed ra.pidly 

by increased secretions of 1rater and electroly'tes, particular-

1 t . 199 rm.. •• h . f th . Y po ass~um • ~lle progress~ve 1SC em~a 0 ie. mucosa 1S al-

so responsible for an i~portant loss of proteins because of in-

creased permeability. Vith increasing pressure inside the lu-

men, the fluid is dispersed in a retrograde fa.shion until it 

meeis a portion of bo~el still cel>a.ble of absorbing. The a.moWlt 

of secretions is enormous and far more than the ~ere addition 

of normal gastric, biliary, pe.ncreatic and intestinE~l secretions. 
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The fluid secreiied is isosmolar viiih the plasma and consequeniily 

systemic electrolytic disturbances apl?ear late in the sJ7ndrome 

199. But the volume lost this ... ·Tay is so huge that severe hypo-

volemia can result. This calls for furiiher systemic adjusiiments. 

Adrenalin output increases in order to compensate for the sloping 

blood pressure; butsimuliianeously the intestinal motility is 

further hindered. ~\DH and aldosiierone are released and increase 

iihe secretion of potassium 208. The body response sacrifices the 

intestinal function for the benefit of the maintenance of the 

circulatory volume; but by so doing iii also promotes fluid and 

electrolyte loss, thus creating a dangerous vicious circ le • 1fi th 

progressing toxemia and deepening shock, derangements in the se-

rum electrolyte concentrations appear; potassium increases in 

parallel with the development of acidosis while the sodium slow

ly declines. ,l'hese changes appear when the visceral organs start 

to be impaired in theirfunciiion, in particular the kidneys, de-

35 noting a po or prognosis 

Wangensteen' s mechanical co.ncept of ileus shock tlhich has 

been presented above ~Ti th a fe. nuances, is based on the conse

quences of disteniiion as a central event 13. Other ideas have 

bean suggesiied, cainly in the case of mechanical ileus. They are 

mentioned here for the sake of com.pleteness. The conce,Pt of 

"primary ileus shock" has been developed by Eeii'ferscheid in 

Germany. It is based on the observation of a decrease of both 
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the specific end non specific cholinesterases in the serum toge-

ther with the development of histological lesions in the hypotha-

lamus. These changes appear in the first hours follo"Ting obstruc-

tion end eventually lead to the later phases of shock. Consequen-

tly, for Reiff.erscheid, intestinal decompression and maintenan-

ce of proper fluid and electrolyte balance is not a fully cura

tive form of treatment 209. Similarly l-latsuruka postulated that 

ileus shock -l'las basically en ecetylcholine shock 210. Huch also 

has been ~Titten. on the toxic effect of the intestinal content 

in rnechanical obstruc~iori. The ileus shock would be related to 

an~phylaxis or septic shock according to this hypothesis 211 

llhether these. concepts are of any irn]?ortance in para,lytic ileus 

is totally unl~own. 

" 
,~ 

r '. 

li ... ' " . 
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13. TEE TP..EATHEl-IT OF POST-OPERATlVE PA...i?ALYTIC lLEUS. 

The prognosis of abdominal surgery has been radically im-

proved since the introduction of internaI intestinal decompres-

" 15 16 21? sion by jTangensteen and. hl.s grou? ' , -. In the usual post-

o?erative course simple naso-gastric suction is sufficient to 

prevent the effects of air svaIl01ving and delayed gastric empty-

ing. Together 1-ri th parenteral fluid and electrolJ'rhe the~a1?Y thi"s 

r=c.nr:.cement is almost routine in most institutions. But this does 

not mee.n that it is absol1.itely devoicl of any drawbacks. Gerber 

reported a significant increase in broncho-pulmono.ry infections 

in intubated patients, 1Thile non intubated patients ke]?tfasting 

and 1Ti th ]?roper fluid and electroly"te management did Just as vell 

from the point of vie·~: of their ileus. Consequently he does not 

reco~~end naso-gastric suction as en integral part of routine 

t t " 213 
?OS -o?era l.ve ce.re • In addition prolonged suction can indu-

ce and maint~in ileus byimpeding the gastric acid from reaching 

the duodenum vhere it acts as a physiologie stimulant of motili-

ty. Por this rcason Dunphy suggests that aspiration should be 

arrested by the second day and the ]?n.tient be feà. at that time. 

4 or 6 hours l&tcr the gastric residue if any is aspirated again, 

the tube bcinf: remo,,"'ed iJmcdiately after11c.rds. This is repeated 

ri. feu times ancl this ~'ray the l1l?tient f s condi tion s~ould im;.>rovc 

"14 ?rogressively ~ • In the established case long tube dccompres-
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sion should be performed, though it might be more difficult in 

paralytic ileus than in mechanical obstruction id th a simila.r 

dcgrce of distention as the progression of the tube is parti cu-

13 larly slo'\l • 

Together with the mcasures previously deseribed, a certain 

nunber of pharmacologie agents have been cl~imed to hasten re-

eovery. The tenants of the "acetylcholine ll theory hz.ve proposed 

various anticholinesterases. ::?rostigmine hv.s been used by Hiller 

216, 'j'hile long acting cholinesterase inhibi tors .puch as lTbretid 

(Ze:.ca.methylene-bis-I:,j-methyl-earbaminoyl-1-3-0X'J.P:;-ridium bromide) 

have bcen claimed to be of value 217. Similarly D-panthothenyl 

aleohol is apparently of sorne benefit 205, 218 

Various sYIDpetholytic ~roeedures have been proposed by the 

proponants of the ~urely reflex theory. Spinal or splanehnic 

ancsthesia i·ras c.d.ministered -';'Ti th sorne suecess in the -1930 1 s 55, 

219 • Hore recently this·has been rCJ?l2..ced by the use of adreno-

ly-liic drl.1.gs such as clihydroergotamine 57 or guanethidine 19. 

In e.ccordc.nce '.dth his neuro-hormonal cOncCl)t of "ileus 

siclœ.ess" 3eifferscheid proposes the addition of s.ldosteronc an-

tagonists to the s~~2athol~~ic agents in order to maintain an 

adc~uc.te ~otessiuo balance at the cellular level 220. 

Since the suggestion by l·Iil ton of the 2resence 0= c;. TfI?~ce-

mal;:or u in the duoè.enun ~;ll:lÏch -rIOuld clrive the ~otility of the 

s~all intestine, artificial ?acing vas attcrn~ted in the cxperi-

:~. 

.' .. , 
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mental animal and man 221, 222. Easselbrack reported success in 

controlling the rhythmic contractions of the intestine in the 

doZ 223. Bilgutayand others cl~imed a beneficial effect in the 

2?4 
treatment of ~ost-ol'rative ileus in man -. Hore recent clini-

cal trials have raised serious doubts regarding the efficacy of 

the mcthod. Reiffcrscheid insists on the necessity of offsetting 

any sympathetic influence and of restoring electrolyte deficits' 

before expecting any influence o~ the electrical stimulation 220 

Eora.n and Quast reportecl a failure of pacing 225, 226. 

In the rare case resistant to aIl the usual thera.peutic mea

sures the'question of o~erative exploration and decompression 

of the gastro-intestinal tract may be raised. The differential 

àiagnosis between mechanical and paralytic ileus is extremely 

difficult during the post-operative period because the symptorns 

arc maslted by the absence of a. previously ad.equate peristalsis 

a..nd by t.he administration of analgcsics. Hany ce.ses of protracted 

ileus are in fact duc to mcchanical obstruction and it is obvious 

that therc 1;ill be no improvernent unless the obstacle is remo-

ved. If none of the usual causes of paralytic ilens can be found, 

a occhanical cause should be suspected and laparotomy Eerformed 

as soon as ;ossible 227, 228 
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ClIAPDR . II. EXPERIMEHTAL STUDIES. 

1. HIPO!'BESIS. 

Mucosal integrity is essential for normal physiological 

functions of absorption and secretion of the gastro-intestinal 

tract •. .Al though intestinal motilityis an integral part of 'the

se physiological functions, .the relationship of the· intestinal 

mucosato motor activity of the digestive tract is virtually 

UDknown. Little attention has been given to.the mucosa inthis 

respect. Boyever there are both clinical and experimentalobser-

vations yhich suggest that the integri ty of the mucosa might be 

of importance in relation to motor function. 

The mucosa contains afferent nerYe 8lld i n gs related to the 

peristaltic reflex as mentioned preTiously 39. Yhe'ther the mu

cosal cell itself is part of the affe~ent B,ystem is hoyever un

kD.oVD., but the delllonstration of the exis1ience of a IIlUcosal re-• • 

flex as such is highly suggestive 4, 40, 81. It yould appear 

reasonable to postulatethat if the mucosa is. atfected by a· pa- . 

thologic process, intestiDa1 lIlotility in turn could be impaired. 

Clinically such a concept is supported ])y 'the frequent as

sociation of paralytic ileus in relation to the development of 

.tress ulcers. O'.eil found signa of 41stention and fanctional 

obstruction in 10 out of 22 patients ri 'th stress ulcers 33. In 
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a recen't cliDical report froJll 'this ins'ti'tutioD, the presence of 

paralytic ileus was reported in9 out of 21 stress ulcer pa'tien'ts 

229. E~erimeDtal stuaie8 have suggested tha't the lesions of the 

stress ulcer,sy.udrome may be related to damage of the intestiD.al 

mucosa and alteration of the intestinal chyme. Guilbert demoDs

trated thatreflux of 'the small iD.testiDal cODteDt iDto'the s'to

mach i8 a significant pathogeDeticfactor 230. The mucosal le~ 

SiODS incideDtal'to eXj?eriDleDtal shock in the dog. res~ t iD a· 

cODsiderable iDcreaseinproteoly'tic enzymes inthe.ch1melibe

rated trom: cells which,are shed and lysed iD. thelumeD.The re

flux ot such anenQIDe rich fluidinto 'the stomach .. has· been sug

ges'ted b.Y BoUBOUS to caùsedigestioD of the gastricJllucus fol

lowedeventua1ly b.Y necrosia of the gastric.mucosa 231. 

It vas shownby Bperling .soile years ago aDd more receDtly 

by Shields that the absorptiTe tunction of 'the.iDiièstiD&lepi

theliumYas altered iD mecbaDicalbovel obstruction 125,199. 

Buck cbiangescouldnotbe deJllonstra'ted folloriDg abc1omii'al ope

rations. Glucksman, usiDga perfusion teclmique in 'thebnmaD, 

failed to find ~·sigaifiC:aDt chaDge be'tveen 1ibe pre-opera'ti

ve &Dd the post-operatiTe absorptive abilities of the. intestine 

232. Cox obse:n-ea. oD1y a DlÎDOr traDsi t017 d.crease iD s1l&'ar 

absorption folloviDg ,.goto~. !hese results prOYidea. the basis 

for the concept of early post-operatiTe jejunal ::tee4iDg 234, 

235. JlOVeTer reappr&is&1 vi th a per:t1l8ion tecJmique upon aD 
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intestinal 1001' measuring only 30 cm in length revealed e decre~-

se in absorptive capaci ty 1fhich persisted for as long as 48 

hours.. The duration of the functional defect appeared to be re-

lated to the magnitude of the operation. Thus i t 1{aS most marked 

ft bd - - l t- 236 D- t - t l t a er a om~no-per~nea resec ~on • ~rec exper~men a s u-

dies of intestin~l motility after mucosal damage in vitro have 

~rovided contradictory results 50 far. Bülbri~g reported aboli-

tion of the peristaltic reflex following scraping of the mucosa. 

40 • Eowever her observations could not be reproduced by other 

" t" t 82, 83 
~nves ~ga ors .• 

The purpose of the present investigation is.to study in an 

in vivo ?reparation the relationship between mucosal integrity 

and intestinal motility. An effort will be made to study the na-

ture and characteristics of the intrinsic mucosal reflex by ana-

lyzing the "Jave patterns associated 'tli th thc motor responses to 

various mucosal chemical stimuli. If mucosal injury does in tact 

adversely alter motility, the possibility of preventing such in

jury by mea.ns of an elemental dikt as developed in our laborato-

ry could hasten recovery of normal intestinal function and pre~ 

t b t d 1 " t" 181 ven su sequen secon ar.l COTap ~ca ~ons • 

Epithelial shcdding is one of the major conscCluences of ex-

l'erir.1cnto.l bO'jel autotransplantation. It is thcrcforc of inte-

rest for the future develoEIDent of this ?rocedurc to detcrmine 

if j?ossible the influence of such shedding upon the motility of 
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the intestine. 

The experimenta,l studies presented beloi'T are divided into 

t,·ro parts. The first part is mainly an evaluation of the physio-

logic processes inherent to chemical stimulation of the peristal-

tic reflex. In the second part the effect of mucosal shedding 

upon the motility of ~n intestinal segment is eva,luated. 
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2. fi!ATERI.àLS.A?iD ~fET:HOJ)S. 

a) Animal preparation. 

The experiments vere performed on healthy mongrel dogs 

~.,eighing bet1-reen 16 and 28 kilos • .A. Roux-en-Y jejunostomy "'laS 

created in the follorTing l-lay. The animaIs "'Tere anesthetized'\·TÏ th 

intravenous Nembutal. ifith careful sterile technique, laparoto-

my ,·ras then performed and the continui ty of the small bOivel i{aS 

interrupted 20 cm belo~r the Treitz ligament. The proximal end 

ivas then reanastomosed to the uJ?per jejunum 20 cm belor' the le-

vel of interruption in an end to side fashion. The free end of l~ 
!' 

" 
the distal jejunum brought out through the skin to ivhich it 

1,:0>,. 

vas .<, 

t 

lTas anchored. The dogs 'l[ere al101ved from 2 to 4 weeks of reco- ~r 

very deI'ending on the individual progresse Thus healthy dogs 

1ri th ea.sy access to the upper soall intestine ... .,ere made availa-

ble (Fi~ure 13). '. 
l 

b) Electroenterographic estimation of intestinal rnotility. 

Ideelly in an in vivo experiment the technique utilized to 

cstim::dj.c intestinal motili ty should .... void lc.]?erotomy or <lnesthe-

zia. In an effort to reproduce <lS closely as possible the ze~'.1.en-

ce of c\"C'nts follO"lling operation in. the 11lIrJ,an, initial e;-:pcri-
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Figure 13. 

EXPERIHEHTAL HO:DEL.· 

SKIN 

JEJUNOSTOMY 

JEJUNUM 

~ccess to the srn~ll intestine is provided by ~ ~o~x-en-~ 

:preparation. The upper jejunun is severed 20 cm belo~t the li

zcment of Treitz. The iist~l jejunum is brought out throuzh the 

s!dn e.nd a j ejunostor.:y iz constructed. The intesiiinal continui

ty is recstablisheè. by ::m.astomosing the ]?roY.imc.1 ena in '"" terni

no-lu.t.ert!.l fashion 20 cm belo::: the stomê... 
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ments 1.;rere designecl to r.ecord the intestinal activi ty1'l"Ï thout 

interference by sedatives or anD.lgesics. The recorcling of the 

electrical acti vi ty of the intestine i-rith ~mJ?lanted electrodes 

according to the technique àf HcCoy seemed promising in this 

237 respect • The method ilas tried on fi ve dogs, and tracings si-

milar to thosc rcported in the literature were reproduced (Figu-

re 14). !i01-TCVer this teclmique .... ·Tas abandonned for the follo"\oTing 

reasons: 

1) This experimental model involves the intra~eritoneal 

presence of 'IfÎres c..nd elecirodes end is associated wi th a high 

clcgree of infection. In addition these ' .. rires can cause mechani-

cal interference 'Id th the movements of the intestine. TI·ro cases 

of bowel obstruction ..... Tere encountered in our experience using 

this technique. 

2) 1..5 noted by !'!cCoy himself the quali ty of the electrical 

tracing is quite variable and easily influenced by the movements 

237 of the clogs 

3) The amount of information provided by the clectricel 

method is limited to ::!.!l overall index of l:iotility. It does not 

l'rovide any info~ation c..bout the events taking :place at the 10-

46 vel of the srnooth muscle cclI membrane • By contrast mechani-

cal recordin~s of intralThilinal pressures are !lot onl~ a rcflec-

tion of the overall notor activity of the intestine, but indi-

cate in !:lare quantit2.ble teros the cazn.itude of the pressurcs 
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Figure 14. 

ELECTRICAL ACTIVITY OF PROXHiAL JEJ1Th.TUH 

Slo" -..-aves vith or vi thout spikes are clearly distinguished. 

Thore iz no clcar correlation bet.reen the cpisodcs oZ .. . 
S-C~it:tn!'l' 

- c 

end the l'Jccnc.nic=..l recordinG of intrc.lureinal l,)rcssure because 

of the extrc~c ~ifficulty of ?l~cinc the 02cn ti?ped catheter 

cxc.ctly ullder <ln electrical ?robe in our l?rc;-v.ration. 
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developed and the pattern of· the 11aves. How'ever recording of in-

testinal electrical activity remains the technique of choice for 

the study of the basic rhythm and of propagation. 

4) Finally it 1-l2..S fel t that the technical difficul ties in-, 

herent to the method llere of such a magnitude as to ]?reclude i ts 

use for the time availeble to carry out ihis siudy. The associa-

ted sureical coml:>1ications ,.,ere cxtrcmely high and the animaIs 

required a long time to recover post-operatively. This was a sc-

rious limi ting factor in the nu.rnber of experiments '\lhich could 

be perforI!led, particuIcrly in acutc eXIJeriments ending ,.;ri th the 

death of the animal. 

c) Estimation of intestinal motility by intraluminal nres-

sure recordings. 

Open tipped polyethylene catheters id th an internaI diame-

ter of 0.066 inch (Intramedic FE 240) .. rere used to construct tvo 

ma.in. t:i,?es of tubes. The J!Iost simple "single lumen" type consis-

tcd of a polyethylene catheter introduced into the lumen of a 

nunbcr 16 Fole:)~ rubber c~thete!'. This combinn.tion ;;Tovided Co tu-, 

be of ade'luate rizidi ty to aIl 0"'" e<:.sy introduction ,:ri inout Jdn-

king. It ,;:!os ho,,'cvcr sufficicntly soft end su??le to mininize 

any llossible mucosal traut:w .• The balloon a.i the ti]? of the Poley 

cc. thetcr ,:ras per.forated id th ouI til)le snall hales ai i ts aist~l 
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Figure 15. 

THE Tl-TO TYPES OF RECORDING TUBES USED FOR OUR EXPERTI1ENTS. 
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end in order to facilitate instillations into the intestinal lu-

men. In the second "double lumen" t:y-pe t\\'·o additional pieces of 

tubing vere added. lmother FE 240 catheter 11as attached to the 

side of the polcJr, its opening being 5 cm proximal to the distal 

opcning of the Foley. il. third sm~ller polyethylene tube 1·ri th an 

internaI diameter of 0.023 inch (Intramedic PE 50) was attached 

to the side of the tube 1'li th i ts distal opening lying 1 cm :pro-

ximal to the first polyethylene tube (Figure 15). Bath main re-

cording ca.lliheters ... ·rere !ceDt under constant irrigation by a mi-

crodri~ of Ringe~'s lactate solution sa that plugging of the ca-

theter tips ,.,ould be avoided. Ringer 1 s lactate 1res used as irri-

gating fluid because of its similarity to plasma with regard to 

osmolarity, pH, and individual salt concentration; aIl these fac-

tors are knOiYTI to cause sorne stimulation if their values deviate 

significantly from their"plasma level. Single ion concentration 

is also of importance as physiologie saline ~Tas observed to be 

capable of stimulating intestinal ~otility (Figure 16). 

As will be explained later, the estimation of the sponta-

neous intrinsic !ilotility of the intestine alonc as a. rneasurc of 

intestin~l motor function can be misleading. Consequently it ~as 

elected.. to study the motor responsc to intraluminal mucosal sti-

mul~tio!l. As sho.:n previously by ITu..lmhara the ,I:eristc.l tic reflex 

ce.n be elici ted iüecha.nically by rubbing the r!mcosa vi th a soft 

brush or chemically vith the instillation of 0.1 li ~Cl 81. It 

" 
" 

~ 

.. ; 

.;: 

;~ 
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Figure 16. 

EFFECT OF .f0J INSTILLATION OP 5 cc OF PHYSIOLOGIe S.ALINE AT 

20 0 C Ol{ JEJUN.iL HOTILI TY • 
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.las fel t that mechanical stimulation 1-l'Quld be difficul t to con

trol in an in vivo situation. The possibility of inadvertant 

distention of muscle using a mechanical stimulus thus causing 

a, reflex contrc.ction of myogenic origin 1orould be a difficul t 

problem to control. For this reason chemical stimulation vas 

chosen. 0.1 ::r RCI iras used. HmJever in order to avoid any hypo

osmol~r effect (the osmolarity of pure 0.1 N ECI is 200 Nosm/l.) 

the solution iras made up from 1 n Rel diluted in 0.3% saline. 

Thus a solution having an osmolarity approaching roughly 280 11osm/l. 

ioTaS obtained. For stimula.tion 5 cc of this solution 1-rere injec-

ted into the lumen of the intestine. Together with motility a 

pneumographie recording .was ahrays simul taileously obtained in 

order to rule out any artefact due to the respiration on the pres

sure tracing. 

The studies ifere carried out in the folloving fashion. The 

dogs vere fasted for a minimum of 18 hours prior to the experi

ment. The tested lias placed upon a table i..rhere it ·~;ould lie in 

a, comfortable position. The recording catheter containing the 

0llen tip:ped polyethylene tube 1-ras lubricated ,.fi th a.n appro]?riate 

jelly (Lubritine Abbott) and inserted into the small intestine 

through the jejunostomy. The catheter wes inserted as far as 

~ossible, i.e. 37 cm - 38 cm, sccured to the animal vith tape, 

and ~ ttached to the termina.Is of a Grass Z·iodel 5 Polygraphe The 

do~s tolerated ihis procedure extremcly ~ell and rcacted gene-
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rally by complete indifference. After the introduction of the 

recording tube 5 minutes viere al101'ied to elapse for adaptation 

to take place before the eXJ?eriment 1'J'as started. Then a 10 mi

nute recording of spontaneous motili ty of the intestine 1{aS ob

tained as a base line before stimulation with 5 cc of 0.1 N Nel 

~:~s ?crformed. In the normal dog a dramatic response consisting 

of bursts of pressure \,raves a?J?e~rcè- after a variable time lag. 

Thc rcsponse appeo..red somevhat fctigable 50 that i t l,ould become 

veak cr eyen absent if stimulations ll'ere c:::.rried out repeatedly 

at too trequent intervals of time. Conversely the bursts of va

ves '\Thicn consti tuted the response '-lould sometime continue for 

a prolongea. :perioà. or tir:.1e in such a -rTay that i t 1·;ould become 

impossible to differentiate between the stimulated response and 

the intrinsic spontaneou5 activity of the intestine. In addition 

sorne variability in the degree of intensity of the responses was 

also observe<1. The initial stimulation ,·rould be generally fol-

1011ed. by a marked response. Follo~dnz a second stimulation per

fo::-r:::e{l 5 minutes later the res:Q0nse 1ms gcnerall~?' !:iore ?ronouncecl 

than the firs.lli one though not ahm~rs. The res]?onsc to a thirrl 

stimulation 5 ninutes later .rould generally mi~~ick the first 

one. 1'0 overcooe these probleI:lS , i.e. fatizability, res]?onses 

inclistin~ishable fron s,Ilontt:?ncous riotili t;,-, t:!.nd variabili ty of 

rcs}?onse, the follo'Jing proto col 1:2.5 a-à.ol::;ted in an attempt to 

st:mdard.izc the interpretation of the responses. 
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The motor res:.;?onse 1·:a.S arbi.trarily divided into three cate-

gories de2ending on }l!!ether the contradiions l'lOUld eppear id thin 

or efter 3 minutes aficr the stimulation, or not at aIl. Conse-

(:Luently 3 minutes 1'iere all01:ecl to elapse after the stimulation 

and the ootility recorclcd during this period oÏ time i'Tas quanti-

tatec: c.s c.cscribeëL belo~~·. In this i're,y the res:;?onses obtainec1 du-

ring the first 3 minutes efter stimulation could he compared in 

different e~~erinental situations. ~fter these 3 minutes the in-

testine ,ras lJrestecl" for 5 minutes borore any other stimulation 

ilc..S ]?erfor2eè.. :'l!us there 1''-O,S an interval of 8 minutes betveen 

cach sti~ulc..tion. ~he above constituted the solution to the pro-

bIer:; o~ deternininz the end ~oint cf the resuonse and to the ~ro-
~ -

blem of fati~ability. The j?roblem cf variability l-ras solved by 

performin~ trains of three successive stimulations. The results 

reportcd belo~ ~re t~e means of the measuremonts performed on 

each individual rcs?onse. This method is comparable to biochemi-

cc..l tests ~hcre three ùeterrninc..tions are made and their mean ac-

ce~te~ as the wost reliable value • 

..:UihouZh ç,u:'..li t:.tive differences are easily rccognized. 

tr.::.cin.;s c..rc ,:!'::fficul t to q,uanti tate. 1';evcrtheless thcy lcucl ther.!-

sely-es ta <:.!l~ly!:is by !:1e~surer.:e:n.ts of va!"ious ?arr .. nctcrs .. ;hich 

d~scrib~ thcir cb.:::.racteristics such as the time lc.g bet'!.Teen the 

stimul,::;,:tion anŒ t!:c ~??eo:.ra.nce of the response, the frequcncy, 

the maxim'l!n o:.D21ituè.e, the nu.1ilber of contractions c.ncl the Dean 
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amplitude. The results :presented beloi'l are reported in the fol-

lOi-Ting 1œ.y: 

1. ~resence or absence of a response: 

i. presence of a response: a) liithin 3 minutes after 

the stimulation 

b) after 3 minutes after 

the stimulation, but be-

fore 8 minutes. 

ii. absence of a response. 

The incidence of i, ii, a, b, is- reported in absolute values 

ancl also as a percentage of the total number of experiments car-

ried out. 

2. 1fuen a response occurred ,ri thin 3 minutes after stimula-

tion, the motor activi ty during these 3 minutes only ,"ra.s consi-

dered for the estimation of the following parameters: 

i. tirne lag 

ii. fre'luency 

, 
-; 

iii. mcxirnum amplitude 

iVe number of contractions 

v. mean ~plitude 

3. If the response e.p.peared after a delay of over 3 r.:tinutes, 

the following parameters are rc?orted: 

i. time lag 

ii. m~ximum amplitude 
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iii. frequency 

The number of contractions cannat come under consideration 

in the latter category because of the irnpossibility of determi-

ning ilhether the contractions observed are spontaneous or cons-

titute a stimulated response such a long time after the stimula-

.1. • 
Ill. on. 

The time l~g and the maximum amplitude are measured on the 

tracing vith a ruler. The frequency values are obtained by coun-

ting the ilaves and dividing the number found by the time elapsed. 

The mean amI,li tude is calculated by e.clding u]? the amplitude of 

each contraction and dividing the result by the number of contrac-

tians considered. 

d) The effect of a 5 cc bolus of 0.1 N Hel at 37oC. 

A total of 45 stimulations vith a bolus of 5 cc 0.1 N Hel 

at 37°C i,ere performed in 10 different healthy dogs. The motili-

ty iras recordec1 ;;i th the second type of catheter ili th t'Wo recor-

din~ lumens in order to detect peristaltic ilaves. Calculations 

1;erc m~de from the tracing obtained from the ~ost aistal cathe-

ter. 

The injection of ;:rCI lIa.S invariably follo'Hed by a :period 

of com21etc inhibition vhich constitutes the time lac periode 

This s.eemeQ to be a cho.racteristic of intraluninal stimulation 
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cs the same phenornenon was similarly observed after injection 

of physiological saline or local anesthetics. The time lag period 

is folloi-red by c. strong burst of \f2.v-espresenting the properties 

o~ peristalsis as it allpeared to be propagated. Initially 2 or 

3 moderate contre..ctions appear. They are folloiled by contractions 
o.t 

of maximal intensity ~;lh.ich last :t'rom 20 to 60 seconds and progres-

sively t2.:?er off. A second burst of contractions, generally of 

lesser aIDJ?li tude, frequentl;)r follo;'ls the first burst aI' ter a va-

riable interval of 60 to 150 seconds. Earely this cycle Ims re-

:peatcd 'vith the a:!?pearance of a third or Ïourth bur::di. As a ru-

le a single burst a~2eared after each stimulation (~igure 17, 18, 

19). 

Ecsul ts of the above eJ..-periment and analysis of deta che..-

racterizing the normal response to a stioulus of 0.1 N Rel are 

outlined in the following tables. 

Table IV. 

TEE TI;CI~TCE OF P.ESPOHSES TG O. 1 II tiCl nr TIIE l.rORl·rAL DOG. 

nllmbcr of ex- nu.llber of responses 

pcrirnents "fi thin 3 minutes 

45 42 (93.3%) 

number of responses 

after 3 minutes 

1 

no res,li0nse 

2 (4.4~) 
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Figure 17. 

TEE ?2SPŒ~S:S TC Hel Il[ p'; l!.CTIYE I!ITESTDŒ. 

..........•... __ . ._---------

_s c:Qectc~ the ti~c l~ci is snorto!" in the u~per tr~cinc 

i 
. ! 
/ j 
',! 

th~ in 10';;"01". :::ote the difference in the S::U1pC of the "..mve s 

oetitecn the rccoro.iIlC fron t;:.c ]?rc:dné::.l :::nd rli:rta.l cc.thetc!". 
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Figure 18. 

TIB RZSl'Œ:IS3 TO :J:Cl IN A QUIZSCEl'IT nTTESTIlJS. 



, ______________ . '_Ii.""';.,".Jllji;,ejjji{ji!§ii_iC~ 

- 94-

Pime 19. 

TBBBCl BBSPOITSB B.BCOBDBD VIS SB SIllGLB L1JHBIT !UBB. 
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In the majority of the do~s ~ motor res20nse \fas obtained 

.... ,i tl1in 3 minutes aftcr the inj ection of RC1. This response is 

f'urther e.nalysec1 in Ta.ble 7. Only one res]?onse appearec1 after 

3 minutes c.fter stimulation, cl1aracterized by a. time lag of 220 

secon(ls and ê r:ïr.ximum am21ituclc of 56 cn of 1~·ater. 

Table Y. 

T:m ~IŒ?EàL J2SPŒZ.3E TG THE IHTP, .. ALm·iT~7AL n~J.ECTION OF 5 cc 0.1 l'I 

TICI at 37°C. 

T.L. Fr. Ex.A. };. Ctr. He.A. 

41.0 .± 20.8 14.2 ± 1.0 88.4 ± 25.9 25.6 ± 7.1 39.5 ± 16.6 
(42) (42) (42) (42) (42) 

Data presented as rnean ± SD. 
(n): numbcr of' experiments. 
T.L. : time lag, seconds. 
Fr.: frc~uency, number of waves/minutes. 
;·fx.A.: l!!aximUlil amplitude, :;?ressuro in cm of ,·,reter. 
1~. CTr.: number of' contractions. 
:!e .11..: mean amEli iude, pre ssurc in cm of wa:lier. 

Th~ ma~~imurn empli tude and the frequenc:i' of the rcsl)onse to 

::Cl ~:a.s compared · ... dth the same va.lues rnoa.sured in a 10 minutes 

strip of base lino activity in 12 of these dozs. Par reasons 

readil;r a.pparent the number of contractions or the mcan üwplitu-

de o~ s2ontancous contr&ctions cannet be com~~re~ to those of a 

stimul~tea resronsc. 
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Table VI. 

cm.œ ARISOK BET1lEu-T TB Icf..:\XIHü·}r 1:J:!J?LITUDE .Al'fi F?..EOUENCY OF SPON-

Tci·SCUSLY OCCüRETG COHTRACTI01:TS llITH TEE EES:PŒ[SE TC HCl 0.1 N. 

s?ontaneous contractions 

response to RCI 

m~ximum am?litudc 

(cn of 1"H::ter) 

86.2;· ± 27. 1 SD 

(12 ) 

88.4 ± 25.9 sn 
(42) 

Data presented as mean + SD. 
(n): nurnber of experiments. 

(contrections/minute 

14.0 ± 1.0 SD 

(12 ) 

14.2 ± 1.0 SD 

(42) 

It is obvious that there is no difference between either 

the frcquency or the maximum ~mplitude of spontaneous contrac-

tions and that of contractions follo"l-ring Rel stimulation. Thus-

the res~onse to TICI is in the physiological range and does not· 

r0l'resent "su}?ercontractions fl
• Also .the frequency of the basic 

rhyt~~ aoes not ap?ear to be altered by RCI. 

c) Tuc cffect of a 5 cc bolus of Rinzcrrs l~ctate. 

In ord.er ta vcri:(r the re]?roducibility of the rcs20nse to 

:rel, Co series of cont:!"ol ex:>crirncnts ~:ere l'crformed ... ri th instil-

lations of Eingcr 1 s lact~te ct J7°C. 21 sncn c:çcrincnts -:lerf:!' 

" 

." 
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Figure 20. 

RECORDIHG PRSSEl.JTTHG TEE PE.à.TœES OF Il:!:IO RES"PONSE" FOLL01'7ING-

RINGER 1 S L.ACTATE Il'IJECTION. 



- 98 -

performed in 4 of the same dogs. The cheracteristic pattern of 

the RCI response 1ms seen to consist of fl~ latent interval con-

stituting the time lag period followed by a motor response. 

Sucb. a response could not be consistently reproduceët f'ol101'ling 

the inj ection of Ringer' s lactate. In 14 out of 21 . experiments 

the spontaneous motili ty 'fould continue uninterrupted ,d thout 

any sign of interference (Figure 20). This is in sharp contrast 

vi th the response to HCI which lias invarie.bly preceded by a pe-

riod of inhibition. Al though the motor activi ty '\fa.S preceded 

by a time leg in 7 control experiments and could be labelled as 

a response to the injection (Figure 21), comparative analysis 

of the wave ~atterns revealed significant differences. Results 

of analysis of licve l'a tterns of the control experiments are re-

ported in tables VII and VIII. In table VII the motility during 

the first 3 minutes after the injection of 2inger's lactate ~s 
~, . 

described. \<lhether a time lag ,.,as present or note Both are compa.-

red ,;i th the rrCl response. Even though the inj ection of Ringer' s 

lactate might be capable of causing a "vo l une " res.:ponse, the 

chemical a.ction of !ICI o.ppears ta influence signii'icc.ntly the 

TIw.:d1imm and the mean o.mplituc!e. In the so-called "response" to 

2in.:;er's l(~ctate the maY~r.:UI:i am;litude is only 46.4.± 10.8 SD 

cm of ~~ter, but it rcaches 8e.~ ± 25.9 S~ cm of ~~ter follo~in~ 

::Cl. Tb!?' ncan amplitude is only 20.8 .± 12.0 SD Cr:! of ·,rater 1'01-

! c11in~ :~in.::er 1 s Ir.etate versus 39.5 .± 16.5 3D cm of ",;.:. ter fol-
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lmdng RCI. hOiiever the number a.nd the Ïrequency of the contrac-

tions do not appear to be influenced by ~Cl. 

Table VII. 

"Z3,sPŒ7SS" TO THE nJJBC'!IOl·Y OF 5 cc OF En~GE2IS ï·"\'CTATS ll..T 37°C. 

T.L. Fr. l'Ix.L. Z·Z. Ctr. }fe • A. 

62.0 ± 44·.9 14.6 ± 1 • 1 46.4± 10.8 28.2 ± 10.6 20.8 ± 12.0 
. ( ) ,7 (7) (7) (7) (7) 

J?~ 0.001 p~ 0.05 

Dcta presentcd as mean ± SD. 
l' "'Talue obtained by Student's t test; cOIDparison l.Jith the 
normal response to HCl (Table V). 
(n): number of experirnents. 
T.L.: time lag, seconds. 
Pr. : frequency, numbcr of i'laves/minute. 
1.L"( . .A. : r:mximurn empli tude, pressure in cm of 1;a ter. 
II.Ctr.: nurnber of contractions. 
::0 . .1.: mean <1mplitude,l,)ressure in cm of .... -ater. 

.,1. 

,;: 
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Table VIII. 

TIŒ NOTILIT7 OT<' TEE IHTESTTNE FOLLOiHNG TITE nTJ'3CTIOI~ OF 5 cc 

OF En~GER r S L..:'!.CTl:..TE AT 370 C. OVEfG.ê.LL 2ESULTS. 

T.L. :Fr. !-lx.A. X.Ctr. l!e. ~\.. 

14.8 ± 0.9 51 .5 .± 11 .0 32.6 .± 9.3 22.7 + 6.7 
(21 ) (21) . (21 ) (21) 

p ~O.OO1 p<- 0.01 

n~ta prcsentedas mean ± SD. 
:p va.lue obt::::..ined by Student r s t tes-t; comparison 1-ri th the 
normal res20nse to HCI (Table V). 
(n): number of e~2eriments. 
T.L.: time lag, seconds. 
Pr. : frcq,uency, number of 1'l:1ves/minute. 
K~ • .A.: m2.ximU!7l aml-üitude, pressure in cm of 1·ta.ter. 
H. Ct2'.: number of contractions. 

mean ar.12Iitude, pressure in cm of 1la ter. 

~eme,rJ\:: as the presence of a tirne las lTaS very un]?redicta
ble, even in the same dog, i ts meen 1laS not calcu
leted in Table VTII. 

" ~! 

."j 

':, 
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Fiaure 21. 

?..ECOEDD:G PRESE:-TTHm TITE FE r\ TlJ7.ES OF A "BESPO}JSE" FOLL01IING RT!I-

ŒSE 1 S L.:':..CT-~TE n~JECTIŒJ. 

i 
j 
1 

! 
1 

1 
! 

J 
i 
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f) The ef~ect oT a bolus of 5 cc 0.1 N Rel on the intràlu-

minaI pH. 

In 2 dogs the pE of the intraluminal content 'Vias rneasured 

in the fI nid as:pirated :frorn the inte stinal lumen 'li th the inj ec-

tioncatheter of the double lumen tube. About 1 cc of fluid \las 

aspirated 1 minute before the injection of HCI, and 1, 2, and 3 

minutes after. Sequential measurements 'tJere obtained in t",\'iQ trains 

of stimulations, and the results are outlined in Table IX. Neu-

tralisation takes place relatively rapidly during the first 3 

minutes after the injection. Complete neutralisation is usual-

ly achieved before the next stimulation. No parallel could be 

drawn between the pattern of acid neutralisation and the magni

tude of the response or the phenomenon of fatigability (Figure 22, 

23). Ii' a response lTas initia ted, second and third lJursts of con-

tractions vere freCIuently observed to occur in the i"~ce of pro-

3ressive neutralization of intraluminal pR. 
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Table IX. 

INf1'2.ALUHnJAL pIi CEANGES FOLL01'lI1:JG I!':JECTIOl'T OF O. 1 N RCI. 

dog 1 min. bei'ore 1 min. after 2 min. alter 3 min. e..fter 

number stimule.tion stimul8.tion stimulation stimulation 

·T pB: pH pI-I pn 

7.3 1.0 1.7 3.5 

8809 6.9 1 .1 2.5 5.5 

8.0 1.0 2.0 3.9 

5.6 1.0 1.7 2.8 

8872 6.4 1.0 1.7 6.5 

6.9 1 .1 3.9 5.6 

Figure 22. 

TEE pE: YARIJ..TIONS D'URING TEE RESPŒ;S3 TC TEE I:JJECTIOK OF 

5 cc O. 1 l'T ECI. 
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Figure 23. 

'l'Till ?}~ "'Tl:.RI1l.TIm~S DUIFI:JG THE EESPONSE TC THE IlIJECTIŒI OF 

5 cc 0.1 H HGl. 

g) The role of ternperature of the bolus of RGI. 

The first stimulations attemllted ,vi th 0.1 !-! RCI 'I,rerc :;)erfor-

med ~t room temper~ture. Thus the ~uestion arose wnethcr the ob-

scrvcd res?onse vas due to the temrerature of the bolus since 

5uddcn cooling of the ~ucosa. follo'\ling the injection could be 

cO.!lcei,"'ably an effective thcrma.l stimulus. To clc.rif;r the mD..tter 

20 stimul~tions with RGI at 20°C ~ere ?crformed in 4 different 

do.;s anc1 the resul ts cOffiparecl 1lÏ th the rnen.surenents obiainc.:' a t 

J7°C. The results are summarised in tt:.bles x: c:.nc1 XI. 
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Ta.ble X. 

IIfCI:!)E}!C2 OF RESPOHSES FOLLO'WING HCl STDruL.tLTI01r AT 20°C. 

number of number of respon- number of respon- no response 

experiments ses ifithin 3 min. ses after 3 min. 

20 16 (80%) 3 (15;'~) 

Table XI. 

THE EESl'ONBES TC 0.1 N 1rCl AT 20°C OCCUnIl\iG 1'lITEnr 3 l>fINUTES. 

T.L. 

36.2 ± 19.9 
(16) 

Fr. 

14.8 ± 0.8 

(16 ) 

l·Ix • .l!.. 

107.6 ± 29.2 

(16 ) 

Data presented as mean ± SD. 
(n) number of experiments. 
T.L. tinc lag, seconds 

I-J. Ctr. 

24.9 ± 10.6 

(16 ) 

Fr. frequency, number of 1<la.ves/minute. 

47.9 ± 15.7 
(16 ) 

:·:x • .A. maximum am]? li tude, pressure in cm of \,;e.ter. 
:r:.Ctr. nu..':1bcr of contrn..ctions. 

menn amplitude, ~ressure in C!:1 of lmtcr. 

The J totn..11:' unsucccssful stimul;:!tion::: :::.11 occured in t~v~ 

g·arnc {!o: . 

..L"1.2.1:.rsis 0'1 th~ rcs.:;:onses occuring ~ri thin 3 r.linuies !3U~-

1 

1 
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gcsted an increase in maximal and. mean :1ii12:".li tude follo1ring sti-

mulation vith cold !lCI. TIo,:{ever these é1]?:;?arent changes 1'lere not 

statistically significant. Tnus in the experimental conditions 

dcscrihed, stimulatio!l 1ri'~h a cold bolus &::?2earecl ta have li-t-

tle ini'luence on the res:;?onse. IIO\iever aIl subsequent e.xperi-

" ment::: rC1?ortec. in this study ,:rel'!) carriccl out iIÎ th Rel a t 37v C 

to rule out any possible te~perature • .0' 
~n.;...!..uen.cc. 

, 



) 
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------------

Gregory inhibite(~_ the stimulatory effect of acid on dener-

238 ve,teel loo:;:>s of intestine ïTith 5% :pro caine Similar studies 

by 3ülbrinz et al. inclic:1teël that cocaine at a concentre,tion of 

~bolished the 2eristaltic reflex by a selective effect on 

the !!lucosa. In accordance to the e),.']?erimental hY]?othesis of this 

study i t "oTeS Ï!:1:;?0:rtc..:.'"lt to doternine ilhethcr the res]?onse to Rel 

coulel be b1oclœè. by a 10c0.1 a.ne s"hheiic. Xylocaine ,-iaS used as 

t.he o.nesthetic agent. 

a) The cf-rect of a 5 cc bolus of "'-7Iocaine. 

V~rious concentrations of ~Jloceine ranging irem 10-6 to 

1'J-
2 

",ere pre;ared by dilution -..rith Ringerfs lactate. 5 cc of 

ec.ch one of thcsc solutions at 37°C liere in je ct cd intraluminal-

ly as in the ECI ~timulations. A total of 6 instillations vith 

( -6 cach concen~ration 10 , l ()-S 
~ , -3 10 , 

_?) 
10 - vere ncrformed 

in t1TO cliffcrcnt ao~s. l:uch ta O'..lr surr>ri se x:r1occ.ine i tself '.18.S 

obserycè. to stir:m![~tc a ::1otor rcsponse ~lhich aIi]!earerl to be of 

.::. m~[;·l1Ïtuac rou~hl;r E,r0,IJ0rtional to the concentr:?!:tion. The rcs-

~onsc itscl:? !!.2.:.?cr:rec. V"ery similc.r te the re3:;onsc procIucc(l hy 

::Cl '\:i th the J?rcsencc 0: a -timc la;; follol:~d by a notor rcspon-
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~. 

Figure 24. 

TITE P..ESPŒ:TSE TO THE I:HJECTIOK OF 5 cc OF XYLOCAD:S AT 7A-

2I eus COi'TCE:r:IT2.A.7I mIS. .',; 



~\~.)~,LLa-"œQ;;. ~~ .. ~ .. d,f.t.<.I)J.I)i. 

Stimulation 1'lÏ th HCl i'Tas eitemptecl at va.rious intervels of 

time ranging from one ta five minutes ufter the injection of 

x-Jloc~ine. In every ca.se no block,l1cle lias observed. This might 

be duc 'to clilution of the xylocc..ine in the intestinal se?retions, 

absor,Ption end CJ.uicJ.~ dissipation in the blood flo1T or pror;lUlsio!l 

further a.o~m in the intestine and ahsor:,Jtion. To avoid these dis-

advant~ges perfusion studies ,·;rere undertaken. 

b) The effe ct of a. perfusion of ~inger 1 s lcctate, o. 1 l~ IrCl, 

end xylocaine. 

These experiments ,·rere ccrried out in four flifrerent QOeS 

in the follol'iing manner. A single lumen tube i'las usod. and. after 

insertion into the jejunostomy, 5 minutes ,;ere elloi:ed ta 

el~l?se for a<lc?tation • .1'- 1'2 minute stri,P "Iras thon recorà.ed for 

b~sc line activiiïy. Stimulation 'H'iJjjh o. Î 1'; ECI il:::'S carried out 

cs usuel. 8 minutes cf ter the lest stimul~tion (3 minute inter-

val for the eztimc..tion of the rcs.l10nse + 5 minutes "rest"), c.. 

perfusion ,,:;ith 2in.Çer' s l:::.ctate, C.1 :; !ICI, or ~"'locaine vas 

st:.riicè vith c.. ~~vc..rd P1L'7l2 ~t the rate of 1.225 nl/nin. l-Tl ex-

trcncly 101.- flov 'ii.:?S cnosen in arder to avaiè.. c..n,:: volu .... ne {list::n-

tien e::'?::'cct -,,;!.:.5.1e still CX20:3in~ t:1C ::1UCoS~ to the .:;tuë!iecl C!lC-
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Table XII. 

PERFUSIŒJ ST1TDIES. 

l'erfusate ?r. Hx • .A. I-':. ctr. Ne.A. 

none (base-

line) 

Ringer!,s 

lactate 

0.1 1.:[ Hel 

p value 

X".flo caine 

(10-2 ) 

.p value 

13.5 -
(4) 

12.8 .± 
(4) 

13.0 ± 
(4) 

~ (l 
j.v 

0.5 

0.8 

91.0 ± 21.0 

(4) 

100 • .3 ± 22.6 

(4) 

111.0 ± 44.3 

(4) 

62.0 ± 26.2 

(4) 

Dat~ ?rese~ted as mean ± SD. 
en}: nunber of experiments. 

110.8 ± 21.7 

(4) 

96.8 ± 13.3 

(4) 

64·.0 ± 19.3 

(4) 

1? < 0.02 

4·4.8 ± 36.1 

(4) 

p< 0.025 

Fr. : i'rcq,uency, number of \·raves!minute. 

34.7 

33.9 

29.1 

29.2 

::;.:.J..: ca.:.:iwU!:! anplitucle, ]?ressure in cm of '-later. 
2T.Ctr.: ~~~bèr of contractions. 
i·!e • .!.. : '2ean ~1~li tude, pressure in cm of l;z.ter. 

± 13.8 

(4) 

± 6.4-

(4) 

± 12.7 

(4) 

± 17.2 

(4) 

~ v:::!.lue: obtained by Student' s t test; comparison 1Ti.Jl.ih the 
base line. CO!;1]?o.rison ims also made id th the mea
sure@cnts obtained during TIinger's l~ct~te perfu
sion, but t!le J! values "lore of no siznificc.nce 
z:!d are consequently oi"litted. 
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afJGcr the end of the ~erfusion a, train of 3 stimulations 1.;rith 

TICI lias performecl. The mctili ty cluring the élif'ferent perfusions 

1ms comJ?arecl ;;ith the 10 minute base line strip and lrith the mo-

tility observed cluring Ringer's lactate perfusion. Similarly the 

rcs?onses to ECI st~mulation after the different types of ~erfu-

eaeh other. 

~llien e01i1:?arecl · ..... i th the resting acti vi ty the main effect of 

HCI perfusion seems te be a reduetion of the nlli~ber of eontrac-

tions. This is statistically significant for Il < 0.02. The other 

va.lues do not ShOl .... any signifieant change (Table XII). Surpri-

singly there is no statistieal differenee beti'leen the values mea-

sured during 2incerls lactate and ECI perfusion. Simple visual 

observation :;ave the impression ~hat the motili t~/ i'ia.S morc aeti-
\ 

ye during t!1.e first 5 minutes of ;:Cl perfusion as eomparèd id th 

the f'ollol?ing 5 minutes. Ro ... .,ever i t is not eonfirmed by the Stu-

deutls t test (Table XIII). 

It -:·ras decided to study the effeet of X"Jloeaine (l,t the eon-

-" eentr::.t'·i on of 1 c~ - ::!.:fter pilot evv..luation hc.d sho-:m in a couple 

ef dogs t1:at li ttle or no ehc.nge haè. to be eXj?eeted id th lO-:Ier 

eoncentrctions. ~yloeaine 
_? 

10 -, as c:>.-:pccted, has !ID inhibitory 

actio:l; but onl;" t!lC llu171be:: of contraction~ is si.;-nificantl:,r ae-

crc::,sf .. HJ. -::1::.c:t! eor:.l;?::'.!.·Cc! to th.e rcs't.inz activi ty. If the con.:;.;arison 

is n~a.c .;i t~· t!lc t!.ctivi ty è.urinz 2in~cr r s lz..ctatc ?crfusicn, the' 
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Table XIII. 

~J.ALYSIS OF TID! PERFUSION WITTI 0.1 1': RCl: :prEST 111rD SEC01ID 5 

NINUTES. 

Fr. . . . 
j.'.Lx • .l~. E. Ctr. l-le. A. 

1s-!i 

2nè. 

t:; nin. -1 ~ () ± 0.8 98.5 ± 26.3 38.3 ± 16.3 ." J ...,1 ....... 

(4) (4) (4) 

5 min. 13.3 ± 1.0 65.5 ± 39.4 25.8 ± 3.5 
(L!- ) (4) (4) 

~.:.ta ?resenteà as mcan ± 3D. 
(n): number of experiments. 
Fr. : frcquency, number of "raves/minute. 

maxir.nun amplitude, pre s sure in cm of 
1';. Ctr.: number of 'contractions. 

37.3 ± 
(4) 

27.1 ± 
(4) 

',-rater. 

rnean cml)li tude, pressure in cm of i'iater. 

17.6 

18.0 

changes are less aPI'ê.rent amI 10se tlleir statistical sienii'ican-

cc. :Imrever the comj?a.rison of the first 5 minutes of ::~rlocaine 
_? 

î 0 - perfusion 'Vi th the follo"\."in,:; 5 minutes ShOrTS tuai o.lmost 

.:.11 the c.ct-ivi ty is conccntratcël durinz the first 5 minutez in 

:3 out of ,<~, dogs. The seconü ]?erioc1 or 5 nin.utes is thus ch.::.rc.c-

tcriscè. by total inhibition in tl1ese anir.!als (Table XIV). 

~ter ec.ch l?er.fusion .:. tr.:.in o~ 3 stimul.:.tionz 
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Table XIV. 

5 llETUTZS. 

Fr. :·!x • .L. l~. Gtr. Tie ._~. 

c10g 5 min. 10 min. 5 Bin. "('1 
Iv min. 5 min. 10 Bill. 5 nin. 10 Din. 

1 14 0 48 0 25 0 19. 4- 0 

2 12 0 84 0 40 0 39.5 0 

3 13 12 16L!- 64- 63 34 62.9 23.4-
4- 14- 0 32 0 17 0 11.0 0 

Data presented es ~bsolute values. 
Pr. : freCluency, number oÏ "'l~ves/minutc. 
}~x.A.: maximum aW,:?litude, ]?ressure in cm of '.rater. 
::;. Gtr. :. nUi"TIber of contractions. 
I·le •. A .• : Dean affi:!?li tude, pressure in CD of m:.ter. 

normal. Xylocaine 10-
2 ~erfusion decrcases si~~ific~ntly the num-

ber of contra.ctions during the 3 minute period follo\ring stir.lU-

lation 2.!lo. the time l~g is leng:thened. Eo-:.·:ever, '\"Then present, 

cIl the res:;?onses occureC!. vi thin 3 minutes. TICI l,eri'uzion seens 

to have a siwila~ i~luence thou~h less pronounced. ~eccvcry of 

the res:ponses to normal after ;ç,"locaine perfusion ta1ŒS ?le.cc 

ai'tcr 8 to 20 ninutcz. 71:c rcs:?onses .lIiO the zecond. :::tim.!l<,_ticn 

ShO-:l alrc:lè.;)'" zor.:e i::!:;::"oV"cmcnt ané!. rcvcrsion to noxna.l is :.l;:ost 

con:;lete b:· th~ ti<.:c cf -t.!lC third. stinulf:.tion. 



Table À-V. 

'rUC IXCI::J8HCE OP lillSPCNSES TC O. 1 lJ lIel AFTEH TITE EXPCSurrE OF TIIr~ INT:2STINAL NUCCS.1\. TO 

y -U!IOU3 l':~!!PUSATES PORI 0 r-rIHUTES. 

1>0 r l'tHJ r~ i. c ll\ll:llH.lr 0:(' oKJ!cri- numbcr 0:1:' rcsponscs 

monts "ri'~hin 3 miml"lics 

ht'.sn lino 12 -12 

l~inL!cr' n 1~ 12 

l:~ctn.to 

0.1 ::: nel -12 1') . .:.. 
~~~rloc;!.i ne -, "1 n (7~c') , .. ~ JI.) 

" '10-") \ ,. -

number of rcsponscs no rosponsc 

nfter 3 minutcG 

0 0 

0 0 

0 0 

0 3 (25~-s) 

~ )1 . 

~I',~ ~, 
ç 

i
~ 
~ 

~~ , 
" 

....... 
~.I, 

.~ 

i 
._-..... 'WWfi",·f;;g)i~:d1H%·iO· .. 'i;U"ChWW' 'Y • If- ,. cv '""" .. _ .. 'œ ;,;., .. @ r;,j;jW;fèr"iilif"'iti\w'j..~i!'~~.a.f~'ir'.lPijNW,,,,(~g~'U~ili&îil'W'·ijfiif.ftl't.Wd)liiL 
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Table À'·YI. 

'r:Tl;: :m,1PO:r;,:;;,~ '1'0 :rCl :...p'rr:.:2 EX:POStJ:.?'S O::r TITE Il'ITESTI1:L:\L HUCOSA TO VAIUOUS rli:n~USA'rBS FOR. '1 0 ~lI:r;.,rUTES. 

llûri'u:;u;\'.o T.L. Fr. 

none (hù.~;o lino) 24.9 ± 4.0 13.1 ± 0.6 

(12 ) (12 ) 

:'U.n:.;or 1 rJ lc.ctu.to 35.5 ± 9.2 13.0 ± 0.2 

(-12 ) (12 ) 

o. '1 l'J !:Cl 45.6 ± 20.4 '13.3 ± 0.7 

(12 ) (12 ) 

1) vn.lno 

-"1 
~'ylocn.ino '1 n .~ 56.9 ± 14.2 13.3 ± 0.8 

(9 ) (9 ) 

1) vnl \lO 11 0.01 

Du.tt), lH'C1JCllte(l nos meall ± SD. 
(n): number of cXJ?crimonts. 
T.L.: timc Ing, seconds. 
~?l'. : fl'cq,ucncy, numbcr of ,mve s/millutc. 

Nx.A. :H.ctr. He.A. 

96.3 ± 36.6 30.7 ± 3.6 52.8 ± 22.0 

(12 ) ('12 ) (12) 

110.0 ± 45.3 24.8 ± 9.3 5/1.2±22.1 

(12 ) (12 ) (12 ) 

73.9 ± 10.3 20.3 ± 5.2 32.-1 ± 7. /l 
(12 ) (12 ) (12) 

P 0.02 

73.8 ± 25.2 22.0 ± ,1. 6 34.3 ± 6.0 
(9 ) (9) (9) 

P 0.025 

p value: obtained by Student's 
t test; comparison 
,.,ri th the base lino. 

11~. ~\. : mnxhmm t!.l:l1?li tnde, pressure in cm of '-rn, ter. 
N.Ctr.: nrunbcl' of contractions. 
" . 4' Q • Ji.. mcml C.mlilitude J j?l'essurc in cm of \T:lter. 

··'I~· in 

1 
1 
~ 

.-\ ..... 
V1 

--~~~-"""~_.",,, .' t t1 . trt'Nr ';u 11 tW- - ât? S'Miif*lf" e ·fy*"11è9iF)WlféA§;;ah~·::'::}·;idb'L{.Jf~~i_k#~~.~,'sê~&'êi1WeW5*rdîtr&?3t .. œlf")~: 
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4. TIrS EFFECT OF .ACUTE ISClillHIA .Alm T:9E R.ESULTING. L,IDCOSjI.L 

SLOUGIIIl'm Cl\! Tl:Œ INTESTIN.AL HOTILITY. 

The effect of aeute ischemia and shock on the intestinal 

QUCOS~ have been dcseribed in details in cha2ter l, paraciraph 

11. In this set of experiments I!lueosal damage ana shed.ding 1'ms 

produced in c.. segment of proximal jejunu..-n by an erisode of acu-

te ischemia and iis effect on motility vas rceorded during the 

period of reeovery. This experiment ,vas designed to study the 

influence of.,~isru2ted Qucosal integri t;r upon intestinal moter 

activity. 

T .. 'lO grou]?s of 4 <logs eaen i-tere considered, one forming the 

experimental group and the other the controls. Âs for aIl the 

other experiments the dogs were fasted for a minimum period of 

18 hours ETier to the measurements. The intestinal motili ty 1'TaS 

recerded i'li th the double llunen catheter. 5 minutes \-lere allOi'red 

to ela?se for adaptation ~fter insertion of the rccording tube. 

Then 11 10 minute stri? ilas obtained for basal activity. A train 

of J stimulations '\ïÏth 0.1 li :rCI "ilere earriecl out for b~se J ine 

pur?oses. ~ number 16 intravenous canula (Intracath, Abbott) 

.ias inscried in one of the front legs and an intra.venous infu-

sion of 2inger r s lacte:te ;'ras si.:::.rted. 

c..nd iniro.venous e.d.oinistration of ihis solution 1lCS r.Hdntained 

during the entire length of the eX]?criment, i. e. 2<1 to 48 hour3. 
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Figure 25. 

TEE CL.Al-IPING PRO CEDt~E. 

. ... _._ .. _.-_._. "--'~"-

·ftiWdic cali_ 
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::acll anima.l r~ceivecl an B.Yera.ge of 1500 ml to 2500 ml of Ringer 1 s 

lact2-te per day. They vere then anesthetized "l'ri th intravenous 

:,Tcobutal 2.nc1 the abG.omen '\72.S shave(l 8.nc1. prc:2a.red id th lIetaphen 

tincturc. La:;.ni.rotomy '\'ia.s performea. through a mià.line incision 

and. t!10 10011 of intestine containing the recorà.inc catheter vas 

extrc.cted out of the peri tone:::.l cavi t;y·. The marginal vessels ;fe:ï.'e 

interrupted and tiee: 15 em above anc1 15 cm beIo";l the tip of the 

l'ecording catheter. The mesentery 'Tas slit at this level as far 

do~m as possible. The arteries su]?]?lying the segment of jejunum 

so isolated vere dissected carefully as close to their point of 

origin as possible. A ligature of umbilical tape Iras ]?assed around 

t!1.e intestine containing the rccording tube 2.t the level of the 

proximel ené!.· of the segment and a soi't clamp coe.ted vi th a ?ie-

ce of rubher tubing m~.s applied at the dista.l end. Bulldog vas

culer cl8J':1,?s ifere delicatel:Jr closed. on J"he arteries lead.ing to 

the isolateè. segment of bOilel, but the venous drainage and the 

llorves i'rere left intact (Figure 25). The clamping period lasted 

~ hour. L bio:;?sy 1ms then taken from the antir.lesenteric border 

Coi a level distal to the ti? of the recorè.ing catheter and the 

ùei'ect ~rcs overse-:m. T.a.e um1)ilic/?l ta.]?e ligature and t!lC soft 

c1an2 ~{cre reï.!ovei!: ~::1 the int.estine ~, .. o.s rC,?lc..ceët into the 2e

ri toncal c;:;.yi ty. Abè.omincl closure ~ia.S pcrforrneè.. th~ ::;::!.i7H? ",r::.:' 

~.S for -the jcjtmosicrc:;;- opcl"2..tion. 2ecorc!in..::z -,,0:::0 obic:line':' J 

hours: 6 hours, 12 hours, 2/:· hours a.n.Q. in 2 do,:s of caen. grou? 
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.!: J. gure 26. 

GPO:YT.:.280UZ I:GTILITY. 

v •• :-.'"";""' •• -.--:----~7".-.~ .. -~--_.--.---.-... --.--.-.--.~-.-.~--....• 

" 

1 

1 
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48 hours after closure. At each rccording session a 10 minute 

stl~i:p ,,:n;> .. s obtained for evaluation of Jjjhe spontaneous motili ty 

before a train of 3 stimulations vith 0.1 N ~CI vas carriecl out. 

After completion of thc ex:perir:1Cllt the clogs vere sacrificed, au-

torsy ,'Tf~S carriecl out, and. a sj?ecimen of clml1J?cd ana. unclamked. 

boveI was removcd for histologic~l examination • 

. The aboya proto col ,vas also applied to the control dogs, 

but a "she,m" operation li~",S performed. It "Tas identical to the 

operative procedure described in page 118, but the mesenteric 

arteries supplying the isolated segment of jejunum liere not clam-

ped. They lrere also cautiously dissectecl as in the experimental 

grou'p of animaIs, and, id th extrewe care not to damage the ac-

cOID,l)anying veins or nerves, bulldog vascular clamps l;ere also 

placed around them, but not closed and i~~ediately removed. 1 

hour llC1S all01'Ted to elapse as if clamping i.;as talting place and 

then abdominal closure Ï'TaS rerformed as in the experirnentaI grou]? 

of dozs. Thus in the control group of dogs the mesenteric circu-

lation of the studied jejunal loo~ 1las never interrupted. 

1 

1 
~ 
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~) Tha affect of Xenbuial • 

.:::.s the clogs ",;iere still unc1.er th,e influence of :-Te!:!lJu-tz..l anes-

thesia for a ~erioù of varying ~uretion after t~e enQ of the ope-

rative procedure, the influence of the ùrug on intestin~l noti-

lit Y ~~s evalucted in 5 do~s. After a train of 3 stimulaticns 

vith rrCl for base lino estimation, 25 mg to 35 Dg of =crnbutal 

]?cr !dlogr.:::.n ilcre administcrcd. intravenously. 5 Ginntes If:.ter a 

train of stimulations irith TICI l'las attem::;>tecl. This Ims rc:;?caterl 

<1·0 end 30 minutes after the injection. Almost iIIlJ'TIedü:tely after 

the injection the spontaneous motility of the intesti~e came to 

a cor~=,lcte sto..ndstill (3'igure 26). This persisted as lo~.:; ::!-:.: the 

do.::; '.i8.S aslcep. During the ,~ro.ke-up J?eriod the à.o~s r.1z-n:!.fc3tec1 

irregulc.r spells of semi-consciousness follo~rc:l by e}?iscdcs of 

persisting unconsciousncss. Tb.ese sy..ells ~Jould often be c.ccompo.-

nietl b:/ Co tem]?or::!-r:r r-esurzcncc of sponte,neous motili t;r. The n'or-

nes,!;. 

-'-C r •• "'.0!'·;'. :"".0:-: t_';""'J.e c,·,--<:\,.,·~ (M~r-'e -r"7"TT) • _J.. ... _ __ 1~" -,-x-o"..;· .. - ',,_'"""""";_ .: .......... ...i.. • 
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Table XVII. 

THE n~CI:DENCE OF REspmISES Ta Hal UNDER 1TENBUT.AL .lùJESTHESlil... 

~ 

1 
1 

'Umo u"'rt.cr Humber of experi- number of responses numbor of rospollses no response 

Homhut~l monts "Ti thin :3 minutes after 3 minutos 

bt'l.!JO lino '15 15 0 0 
...... 

5 min. 1 Il, 7 (50%) 0 7 (50%) l'V 
l'V 

·'10 min. '14 6 (42.8%) 3 (21.4%) 5 (35. 7~h) 
1 

80 min. 14 7 (50~~) 2 (14.3;&) 5 (35.7%) 

1 
1 

1 

~!; 

;L"·· .. :''',.,....-'-l?( ...... :,;:,;::.'};i.~~"l.-''i'i 
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nunber of res]?onses i'Jere delayec1 past the 3 minutes mark. The 

maximum amplitude i'las also significantIy reduced. in the respon

ses to the tr~in of stimulations performed 5 ~nd. 40 minutes af

ter the onset of :::.nesthesia. Ther.e 1TaS no evidence of improve

rne~t of the characteristics of the responses occurring within 

3 minutes after the stimulation during the ~eriod of study. The 

cnaracteristics of the res}?onses 1vhich l'Tere deIayed beyonc1 3 

minutes ... ·rere not sui table for statistic~l comparison. In addi

tion to the ?rolongeà. time leg, the maximu.rn ampli:tude oÏ these 

ùclayed res~onses tended to be reduccd. These figures are re-" 

ported in tables XVII, XVIII, and XIX. 

1 



To.blo XVIII. 

THE l1ESPONSES 'fO 0.1 N RGI IDJDER NEHBUTAL lùmSTHESIA. 

lime T.L. Fr. Nx • .A.. N'.Cir. Ho.A. 

bnt;o li nu (ho- 30.7 ± 14.5 13.6 ± 0.6 96.5 ± 30.2 27. '1 ± 5.7 47.2 ± 19.1 
f01'{! l:embntlü) (15 ) ('15) (15 ) (15 ) (15 ) 

5 \~lin. :~t+o:r 63.0 ± 49.3 1·1.1 ± 0.8 45.2 ± 25.0 16.6 ± 12.'! 27.6 ± 20.7 
::onhnt::.l (7) (7) (7) (7) (7) 
j,.) \rt.l.l" e :p L. 0.05 

,10 min. ~l.i't.cr 1 00. 1 ± t!.1. 2 :13.5 ± 1.2 27.5 ± 18.7 11.8 ± 5.11- 20.2 ± 14.8 
l~cmlmt.ul (6) (6) (6) (6) (6) 

l' Vt',lne l? < 0.025 P <. 0.01 P .::.. 0.01 

SO min. uIter 86. J ± '18.8 14.1 ± 1.4- ,13 • 8 ± 28. 7 14.2 ± 0.7 27.7 ± 2".0 
:rcmhutttl (7) (7) (7) (7) (7) 
~ Vt~l HO 1: <. 0.01 P <.. 0.005 

}),~t.r~ 1'1'osnn"Lücl, ;:~s mo~n .± SD. 
(n) : Humbor of rcsl'onsos occurring ,li thin 

p vaInc: obiainod by Studeni's 
t iost; comro.rison 

:3 minut.os rd:"l;o,' 'Lhc s'Limnla.iion. 
l'.L.: t.imc l~'.G, soconds. 
VI'. : îr(Hluency, numher of "'Cl.ves/minutc.' 
lIx.!,.: mc.xÎJ7mm n,\;ll>liiudo, pressurc in cm of lmier. 
:J. Ctr.: numhcr of contrCl.c'LiollS. 
:-:0 • .:\.: moun e.m.l.lli'Ln<1o, 11l'cssure in cm of lmier. 

1!Ï ,th ,the bn sel ine • 

I
:r 
'.-

~
,. 

~ 

li 

1 

.-1. 

lv 
.~ 

'-<ili1il1V"r'$UrNtê$'W'(iijfW't'WtwWIWt3teb'tfWiOlilil_a'iWt1e'Mà!i'ëWitiiW'ffif&/;!i"ijiU&&tfrf'i%fflMf"titlWffJi"YilijflM'trttyiWÎlJâMté'fü".t'l'lIIt'iM'W"W;Wifrt&traVerrfrmtl " 
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Ta.ble XIX. 

TE:: ::;JELAYED :::?ES?ŒJS:5:S TC 0.1 }J Hel STIHtJLATIŒT (OCCUERDm 

time aftcr T.L. Fr. Ex. JI". 
~!embuta.l 

240.0 ± 42.4 13.5 ± 2.1 f!·4.0 ± 11.3 

(3) (3) (3) 

80 min. 287.0 ± 145.7 12.0 ± 1.4 28.0 ± 22.6 

(2) (2) (2) 

~a.ta ryresented as mean + SD. 
(n):..o.; numbcr of e;q:;0;'incnis. 
~.L.: timc lUi;;, seconds. " 
:?r. : fl~eCJ.ueney, nu.T'!1oer of "';i2.,ves!Dinute. 
:·Ix.A. : maxÎT;n .. ùï1 am::?litudo, ]?rcssurc in CT!! of 'Ilc.ier. 

b) The DOt, i lity of an intestinal scrrment 1lith izchenic mu-

~;c~~ ~ sncccs~ion of vizorous co~tr~ctions l~sLin~ for sc~~ral 

ninu:tcs. :'bcs::? contractions the::l ,2ro.z-rcss:!.ycl;y è.ininisb.ed ll."1til 

co:::~ .. ~lctc st~nc1.still occurred. I;:;r.rediately .:1i'ter the rccst2..blish-

ment 0:: the àloo(} sU2.:i?ly the rc"Verse cha!l.z~ in colonr ·.n:.~s obser-
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Figure 27. 

3PLSTIG CO:::TEACTIOHS FOLLOifS:D OCCLUSIOE OF ~L'1.TERILL BLOO:;) SUPPLY. 
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Figure 28. 

IP.2.EGULl1.;:"1 SPA3TIC COXTRACTIONS TOOK PLACE AFTEE TID REESTA-

BLISffi·3E};T OF BLOOD FLO\'T. 

(The lo~;er ]Jortion cf the 2rai?11 is the ccn-tinuc..ticE oi' the 

uJ?per .?a.rt). 

( 
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ved as the intestine became vivid pinl~ in colour due to reacti-

ve hyperemia. Irregular spastic contractions took place for a 

few minutes but -bhis motor activi ty did not prope,gate to the 

distal healthy intestine (Figure 27, 28). The biopsy taken dis- '.:1< 

ta1ly to the recording catheter showed consistently severe da-

nacie corres?onc1.ing to the gr~de. III or of the classification 

}?resentCQ in Chc:?ter I, ]?c.ro.gro.]?h 11. The mucosa of me.ny villi 

~.,as cOlî1:;iletel;;r sloughed off ili th accumulation of the debris in-

to the lumen. In others mucosal lifting and separation lïithout 

com:plete {letachment vas evident (Figure 29, 30, 31). Careful 

e~~<lmination of the neural ganglia of the myenteric and submucous 

?le:=-:llses revealed no evidence of clamaC0 on light microsco::?y. The 

:Ti::;sl ciranules had a normal aI'1?earC'u:u.ce and. thcre ~!E:.S no sug,:res-

tion of cJ~o~lcsmic vacuolisation. The nucleus of the neurones 

soeme':. unal tered. At la:;?arotomy 24 hours leter the segment of 

cl~~~ed intestine and its mesentery a,peared severely edematous. 'r" 

T:10 clamTcd intostine ~rêvS dc.rker t!J.an the norrnal loo:;s ana. the 

mc.r~Œdly 5'.:olle21 Dcsentery .... 7:;;.5 ccvcred by a filo of oro.lescent 

fibrine ::ro-~;ever normal arierial pulse,tion 11:;;'S observerl. ::..t 48 

:haurs the cho.n[tes 1;ere cssen.1t.iio.11y simi1ar, but less severe. The 

C1rterics ca.refully fer the fresence of a. -thronbuz, 

dissectcd ~=i:crics cf ë!.cZ 8309. The villi of the clc!:1?ccl int~z-
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Figure 29. 

TITE E~T:sSTnrAL ~,fUCOSAL LZSIOl\T L.FTER T'P'E INTEREUPTIOlJ OF ARTEEIAL 

nLCOD FLO~T FOR 1 HOUE. GP...à.D:8 IV D,AH .. c:'GE. 

;1 , 

The f:1UCCl;;\l. is C0r:121ctcl:;~ slouzhei into the in-tC:.f;tin,,-l lu-

ncn. 
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Figure 30. 

THE IJ:IT3STIl-rAL lITJCOSAL LESION lŒTEP.. THE nrTEREUPTrON OF Al~TERIAL 

:BLOO:!) PLO~'T FŒ.~ 1 HOm. GRADErII DAr.1:AGE. 

The r.::uccs::z. is cOr:lj?leiely shed but still ;:!.tt::!..cherl to t!1e 

yilli. 
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:E'igure 31. 

THE HrTESTINJ.-L HUCOSA DThfEDIATELY .b.FTER .A Il SHAH" CLi!l\ïPIHG OPE-

2.ATIOlJ. 

Contro: of the losions . 
SD.01ffi ?O 

-'" 
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" .. 
'j! 

Figure 32. 

TIB IIJTESTI1UL l-f'üCOSA 24 HOmS AFTER TRE CL.ANPnm OPEaàTION. 

;:,. 

:'he villi are .?z.rtiall,y covcreQ by friable cuboid cells. 

,li 
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Figure 33. 

THE INTESTIl~AL NUCOSA OF TEE CONTROLS 24 ITOmS AFTER TrIE ft SH1.lI" 

t.i? of the villi presents <;. rouJld cellz infil tr:::. tc~ .. ri th. 

occ~sional discrete cj?ithelial lasions. 
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Figure 34. 

TTIE IHTESTIlJAL HUCOS.à. OP THE Cm.JTROLS 24 ROlJRS l:.FTER TT.lE "Sllij.II" 

OPEBATION. 

The tip of t.'!!c villi 2resents a rOU!lfl cells infil tru:'cjc ::i t}1 

occ~~ion~l discr~te c2ithclial lezions. 
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Figure 35. 

T~ I:i:ZTESTIlJ.AL HUCOSA 48 HOURS .!'ŒTER TEE CLAliPIl'IG OPERATION. 

diffuse infiltratc ia still 
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:?igure 36. 

Tm niTESTnUili 1:TüCOSL o::;t cmrTROLS 48 ZOD""3.S .A.FTER TEE " SF..1Ù'I" 

1 

?crsisicncc c~~n infiltr~te ~t ~ne ii; of the villi. 
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cells by 24 hours. These cells were extremely friable and often 

the tips of such villi ileTe deyoid of an~r cellular covering 

layer (Figure 32). In the control dogs the main feature obser-

ved at the end of 24 hours i'TaS an infiltrate of mononuclear 

cells in the stroma of the tip of the villi. Ofien there were 

smell è.efects in the continuity of thc rnucosa at the ti::;> of the 

villi vith occasional areas of cild lifting of surface cells 

(Figurc 33, 34). At ~-8hours the mucosa of the clamped and Ull-

, .. 

~ 

cl:::.m?ed bo~·rel Iras almost identical in a:p]?earance vith a fe"'.-;- scat-
~. 

~. 

tereé!. small defects at the .tip of .the villi (Figure 35, 36). 

The spontaneous rnotility of the control and clampea segment 

is described for each dogof both groups in table XX a, b, & c, 

E.-11.t1. in figures 37 1,0 44. Heasurements at 48 hours post-operati-

vely werc ]?erformed on 2 dogs only in each group as the 2 others 

IITere sacrii'iced ai 24 hours in. arder 1,0 follolr the progress of 

healing of the mucosa in the clamped s~gment of intestine. 

~Ihen the maximum amplitude, the !::le~ am}?li tude and the num-

ber of contractions are considered, the general trend in the con-

trol clogs is obvious. The::-a lras no slJontaneous motili ty three 

!-lours after closuTc in aIl of the control dogs. In 3 out of -4 

~o~s this com?lete st~dstill extended u~ 1,0 the sixth and 

t1:!~lfth b.our. O!le of the :!.!limaIs sho11ed signs of re'covery at the 

si~~h hour ~hilc for the others rccu?er~tion v~s net dcicctcè 
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To.ble xx u,. 

1\~ Srm:T . .'\.lTEOUS HOTILITY IN THE CONTROL AND CL~I\}1PED INTESTINE. 

"Limo ,mye chl1ro.c- (log number, con'brols dog number, cl n.mp e cl. 

toris"bic 1 2 3 4 5 6 7 8 

j?l'o-Ol\ • Fr. 15.0 13.7 14.7 14.0 15.0 0.0 13.0 0.0 

!!x • ..:\. 72.0 60.0 40.0 80.0 84.0 0.0 120.0 0.0 

1'; • Ctr. 1'12.0 44.0 29.0 80.0 101 .0 0.0 115.0 0.0 
l' .- 20.1!· 24.4 10.3 22. 'Î. 29.0 0.0 39.:1 0.0 ...... .... o •. ü .• 'vJ 

co 

J 1\on1'::: l~r . 0.0 0.0 0.0 0.0 14.0 13.0 0.0 13.0 

.l'0 :rt·- 0l!. Hx.A. 0.0 0.0 0.0 0.0 20.0 10.0 O.G 80.0 

1;. Ctr. 0.0 0.0 0.0 0.0 55.0 58.0 0.0 28.0 

I·!c • ..:l... 0.0 0.0 0.0 0.0 7.0 5.0 0.0 27.9 

.:'h~ t.~~ J,)ro;;;on'toJ. as n.bsolutc vn.lues. 
1?J.'. : i'rC\Ltlcllc;r, number of 'lcves/minute. 
nx .... ;..: mD .. xinmm ~~ml,litu(lc, pressure in cm of ''luter. 
N.Ctr.: numbcr of contractions. 
~:o ... .'; .• : l1lo~:..n a.nlllituc1o, l)ressure in cm of '-Tater. 

-_rll\lh4i"fflM1(fW"flllllîi'inNnWrWWfFrifijilH··1 Jiflilfl"liiiifntii:i'ft'W"W':? WI cawwr ",p'!tË'w If ? tfffoWWiti"'ffiffl!r:t'fW&fi%0w@tt'W"""'tîBMf*h'?{Y'Y) .,,%, ridkfjmWeX,,'1njte1"vwwwmnrr.~~~ 



Table XX: b. 

Tlill SPONT,ANEOUS HOTILii~J: ur THE CONTROL AND CLll.HPED INTESTIHE. 

·t.).mo ,:u.ve cha.rn.c- clog number, controls 

'tol'intic 1 ') :3 4-... 

6 hOllr:.: Pl'. 0.0 0.0 0.0 16.0 

,PO::;t'·Oll • ~·:x • .A. 0.0 0.0 0.0 32.0 

r!. ctr. 0.0 0.0 0.0 34.0 

Kt) • .i~i 0.0 0.0 0.0 15.5 

12 hom.':;; l'l'. 12.6 0.0 0.0 0.0 

r·:~ .1~. 32.0 0.0 0.0 0.0 

1'f. Ctl·. 43.0 0.0 0.0 0.0 

}:o. } .... 10.0 0.0 0.0 0.0 

Drd,:; .... ll\e:;~en-Lcd cs u,bsolute veluas. 
}'r. : :rrcfllwncy, number of ,raves/minute. 
i!x •• L: ma.ximum U,mllli 'hudo , pressuro in cm of ,·rater. 
ii. C·{;t'.: m.unbel' of contl'::tc'tions. 
:'10 ... \.. mO:.1.H I1lnpli 'buclc, ]!l'essure in cm of ,.,rater. 

(log number, clam11ed. 

5 6 7 

0.0 0.0 16.0 

0.0 0.0 16.0 

OiO 0.0 10.0 

0.0 0.0 8.8 

H·~O '13.0 14.0 

60'.0 8.0 80.0 

48.0 18.0 47.0 

18.7 7.3 33.7 

8 

0.0 

0.0 

0.0 
~ 

0.0 \.Il 
\0 

'13.0 

36.0 

13.0 

22.2 

D'Ir 'féf"'7ft-if$f"Fl' S-'"'-"" -( 7~- Tt~"rêi11rW'ti5f>.:t'iYi"'i·rfW$)W!fl.-'iP·-n th fi" 7 «ft,. e m "'kW)'" ··-'l·';';"-7"fetWft.i&yip~i)i?';I?i'Y;'rrti#K".ir'· .. ·lr'·të-#{tl·ît* .. ·~ W" -'"-'··tt'''-fj7fe5ret''-·WYfrt%··rr;··ftZWirT'T7IIiI; ... ~ 



Tn.ble .xx c. 

TIIE SI'ONTA!!EOUS HOTILITY IN TIIE CONTROL MID CLAHPED INTESTINE. 

'Hw: ',{{1. va ohl1l'o.o- dOG llumber, controls do.::; numher, clamped 

-tcrisiiic 1 2 3 1\ 5 6 7 8 

2;1 hom.'::; Fr. 1 /~. 0 12.0 14.5 1'1.0 15.0 13.0 14.0 0.0 

EO:;'~-O:;> 1'1x. A. 60.0 32.0 12.0 24.0 '100.0 20.0 52.0 0.0 

:'t. C·tl1t
• 102.0 39.0 3200 47.0 60.0 22.0 '14.0 0.0 

-~ 
Ir 0 • ~\.. 16.0 11. 3 6.t1 1'1.8 44.3 5.8 31 • '\ 0.0 .t.>-

a 

·!8 hOln'[j '1'. 14.0 12.0 -.- -.- 14·.0 1 ~"O -.- -.-
.i?o:J·L.-()~) • !·!x ... '~ • 180.0 32.0 -... - -.- '-10.0 20.0 -.- -.-

l·;. C·~l". 132.0 9'100 -.- -.- 56.0 50.0 -.- -.-
Ho.A. 50.0 1107 -.- ... ... - 13.7 8.2 -.- -.-

:';~l."b~: 2:'.'0tiOn'tcü \1::: ~:.b~olutc va.lues. 
Pl'. : :rl'orlncne~r, l1.umbor of "I·Trwes/minute. 
: :i:. ,;' ... : no.;d.mun am:21i tuclc, 1,)ro ssure in cm of 'im:Ler. 
::. C·h'.: l1\unl)cr of con'brQ,c·Uons. 
"!- ~ , 

• .i.e ... i... l"\etH\. [~mi'li'~u(le, ]}rcssure in Cf:l of ',m,ter. 

~ 
.- . nen; V17rt7m.':i!Ist1''Jt'(f,:'ilc'·'~]iii·''f:eg(·Y·1itii&mi>t 'Yj'i'è&ir.ë""·U 1f .1 'Hel; pc- ,. r$ .... "b\~j"~;(;'îiîi:$'7Qtf4;tNIi!iiii#j;;;h~I~1fi:;j,l"iet'h'lÎ&&&ëiuifdfWWi'i'Wnnr srn§ff'~''''5 I~~ 



- 141 -

gr0ssive improvement in Dotili t;:;r \l2.S genera11y observed in the 

control 2.nimc.ls. The . ..... varJ.2.l.ilOnS in frequency are more difficult 

to in-~cr:Jj:et ~s no v2..1ue C2.n be estim20ted in the a1Jsence of any 

Elotor 2.ctivi ty. Consc~uentl;;r the sequence of events is à.iffi-

cult to folloil uiltil the t1;el1t;:.~ fourth hour -;'rl1en the motili ty 

l~czumes • .At the tilentj;- :;:ourth hour ~ll the values are decrec..sed 
,., 

:rh(m cOrJ.:;';2vre:l ,-TitI:. tlle ?re-~02e:rQ.tivc leve1. The cnly value obtainecl 

in sil7lilr::.rl::/ decreasec1. 3:.' conJtjrast the on-

1y do.::;' ~{b.iC:l ]?rezented an;;r motor acti"'Ti ty ct the sixth houT ]?ost-

o:;:)E~:i:"ati vel;:,r L1.z..Q i?;.n increo.sed frec;.uenc;:r. :Sut the mec.surements per-

formed on this c.ninc::.l l[l./licr on lTere in cgreemcnt "Id th the zene-

rel trenù. It shoulé!. be en;-hasized that no st2.tistico,l evalu2.tion 

is reall:r ]?ossible ilhen dealing -;'lÎ th tho s:pontr::.neous motili ty 

bcc<::.usc of the significc..nt nUr.1ber of zeros observeél. .!!ol .. ever the 

situation is different 1~len the responses to HCl arc considered, 

heco.use the~l cre catcgorizecl in different grou:ps c,ccordinC' to 

presence or c..bsence of a response and the value of the time lac. 

Tllus 11Orlo.:;c!':.eoi..!s sets of resul ts obtcinecl in dii'ferent circurn-

th.e s:;-ont:.:.ncou3 r:1o JGilitj- is indic.:::tcd; the siznificancc of the-

Dctilit,)" 



"' 
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Figure 37. 

SP0:'TTj.""ŒOUS l'IOTILITY 0::7 T!iE CmJTROL GIWü""P: F2ZQUEHCY 

b<:,,,se li::.e. 
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Fi7ure 38. 

SPŒJT) l,mous NOTILITY OF TIŒ .CLA1'1PED GROUP: FREOùTI-ICY 

TIte frcfluency is expressed in tcrms of "nunber of ~!U.YC:; ?e!' 

b:::.se li:1c. 
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Pigure 39. 

SPŒJT.AJ:mous HOTIL T TY OP THE CŒITROL GROUP: l·1.A .... ":TKDH 

.àNPLITUDE Yi:.2I..iTIOHS. 
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Figure 40. 

SPŒTTANEOUS HOTILITY OF TR3 CL.P.l·fDED GBm"lP: lL~lO:Nm1 

1.H!?LITUDE 7ARILTIOlJS. 

The r:w.X.!.J':1U.'7l o::.m?litude is cx;;resseè. in CI:: of ~';ater. The: 

zeros are rCln"cSented by 2. small sÇLuare bolo'.; tl!e base lino. 
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Figure 41. 

SPŒ-TT.A1ŒOUS ;·lOTILIT7 OF TT-TE CONTROL GROLT: VAll.I.ATIONS 

()F TE !rE.AiI J.'1J:·:!JLITtJD3. 

of 1~t:..tcr. The- zero::.> 

Core rC2Tcsentcd. bj'- a smc·l1 .3~u~rc baIo;: the b2..,sC line. 
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Figure 42. 



Figure 43. 

BPOIJT.ANEOUS HOTILTTY OF TEE COfJTROT. GROUP: VA..~IATIONS 

IN TEE IfD11Bllil. OF CONTRACTIOl';S. 

zeros are represented by ~ small s(:!.uare bzlm-; the: busc 

.. . 

..t.~nc. 
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Figure 44. 

SPONT.ANEOUS HOTILITY OF THE CLAr'mE]) GROUP: VARIATTŒ-JS 

IN TI-IE NUHBER OF COiJTRACTIOHS. 

7210 zeros ~re rCl'resen-l.:;ed. b;y :: sm.::.ll sllu2.rc lJclo:; the base 
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sent Ül onl;y- 2 out of 4- dogs :pre-operatively, but in 3 out of 4-

dogs 3 hours after the procedure. Curicusly at 6 hours the fi-

gure iz rcverseël irith no acti vi ty in 3 out cf ~ ë!.ogs ~ Em-;ever 

sorne motile ,ô,cti vi ty \'las pres ent 'i.n.: aIl the ani!!!als by the 

twclfth hour. This was not followea by the general trend of im-

:;?!'ovCDcnt obser-vcd in the' control cnimsls. Thus the spont2..neous 

motor activity of the clam~ed intestine consisied of an irrcgu-

lar sil'inzing ]?ettern chara.cterized by episodes of activity ear-

ly in the post-operative perioa. 

The incidence of responses to ECI in both the clamped and 

the control groups ai the different reco!'ding sessions is re-

]?orted in table XY.J: a & b. ;'1hile the control dozs demonstrated 

a rclatively constant progression tOiHl.rè recovery, the animaIs 

vith the clcmped intestine manifestei an irrezular.pattern cha-

ractcrized by t~e ?ersistance of a certain number of feilures 

of rcsJ?onse during the ii"hole first 24 heurs exceJ?t at the t!J.ird 

!-lour '.-Then a stri~dng 100Ji; rate of rcs:pcnscs r.~S obtained. !I01i-

evcr ihis ,las folloi-red by an increased failure rate at the sixth 

zurc 45). The charc.cteristics of t'he res.:;;:onse s cccurrinz .. ;i. tbin 

:; :r;~inutes 2..f'tor stimulation are rc:?orte-1 in tables YJ.lI 2.. te e 
~:. 

;l.!ld in fi.zures /:.6 ta 50. 

In th~ control ;;rou? the --.; +"-•• _ tJ"-:" 

enl_"," -;;'n"'n <::-i("ni-;:>;c".,..t) - -- --0, -- ....... _-
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Table XXI <1. 

'l'!I:; I:;CID:::l~Cr:; OP rŒSPO~\S::':G TC 3TIl-TIJLll.TION iTITII 0.1 N Hel rH TEE CONTROL .!\.ND CL.A}1PIi:D 

I~;T~rjl\I::-2 . 

t.hw ~~n(l. t~{l!û or c.D~j!eri- llumbor of numbcr of respon- number of rcspoll- no 1'08-

nellt. cX]?crimcntn ses llithin 3 min. ses aftel' 3 min. ponse 

ure--C) . 
... ... control 12 12 (1 OO~'~) 0 0 

clo.m}?û<1 12 '12 ('1 oo~q 0 0 

i unw ,U a t('-- control 12 2 ('16. 7~~) Il· (33.3%) 6 (507~) 

l~' :"o:,;"t,-o,;,'. clr.!w'oc1 12 6 (50~'~) (8 3/' • ~.J 1 5 (41. 7~0) 

control 11 7 (58.3~b) .. (9.1~0) 3 (27.3%) , J hottl'[j 

l'O~~'L~-o.l." • ch~T'\l'()(l 12 12 (1 oo~i) 0 0 

G ho!..!.!'::.; control 12 --; (33.3~~) 1 (8.3;~) 7 (58.3%) 

.:.~oz·~·· .. o~~) • C L'..u:;.: 0 (l, 'l'l [3 (72.7%) 0 3 (27. 3~~) 

-~'=wM·rG~rmt~~%~-~tf~~·~~~~~·~~~~q;~~~;~c~~~n;a~< 

-" 
V1 ..... 

~~: 

~ 

f~ 
~ 

1 
1 
1 

~ 



Table XXI b. 

Tlm n~Cn)~:!c:..: OF l1.ESrONSE~ TC STIUULATION ,;n'l'II C. '1 N HCI IN THE CONTROL ANDCL.lIJ>1PED 

IWI.'ESTIlr.s • 

timo o.n<1 tY110 or cX"i'cl'i- numbcr of numbcr of 1'es])on·- 111.lmbc1' of ronpon- no 1'os-

mon'~ oXl,crimcn-ts sos within 3 min. ses t1.ftcr 3 min. ponse 

'12 11oul'[; control 12 11 (91. 7f'a) (8. 3~1,) 0 ....1. 

VI 

l'Of~'t;""'Ol~ • c], f'.l11l){~(1 12 S (66.7~s) 2 (16.77b) 2 (16. 7j'b) 
1\) 

1 

2·1 110\11'::; cont,rol 12 12 (100~~) 0 0 

l!OD-!;·-O.i,.) • cl::~nl)cd '12 9 ( 75~:~) 2 (16.7%) 1 (8. 3~&) 

,1 B l~o\!:t·s control G 6 (1 OO~~) 0 0 

")(l::;'L··o'" • .. .. cl~;,n;:c(l 6 5 (83.3%) 1 (16.7%) 0 

1 

1 
1 

i 
\ , 

._~- ·;:;r::.1b· ... :;;.p._-~·,..;~,· ·{,:ï.t\i~i::A~.t:i,;i~{[~i~:s.:i~i:fi~~~~iii:r~~6)i~~~i~:';~~:~ji&-i;~~/:'::";;,' ~~~:~~ü~i-_tt~~~~ii'~..".~lli*'~~;..~4r:.~,;~t- ,,,-·_!t;.,:f.·~"i:;':~l'".....:-; .... t.' .. ~';'~~::'Rrr<:r~b..·::-~~~,~-~ 
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Figtlrc' 4-5. 

IECIJEKCE OP ~SPO:TSES ":JITITIH 3 }lnWTES yr.'TEE r:rCl STIEULATIŒJ. 

i.:J.o. = imnc(li:.:tel:;~ ~ftc::.." o::crctio!:. 
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-,·!iT..:'~7ST3 OF TEE ?..ESl'OlISES OCClJJ.RIiTG 7IT-:rI1~ 3 EnJUT:ES 2A...pT3R STI-

tir.10 T.L. centrol 

l')l~C-O:,' • 40.7 ± 10.6 

( 12) 

iDmeai~te- 110.0 ± 28.3 

ly ?ost-op. (2) 

3 l10u.rs 

6 hours 

12 heur;;:; 

2< hours 

~o!:t-o::. 

'-:8 h.our::: 

:;1 c::.. 0.C5 

100.3 + 9.7 

I? 1 <:. 0.001 

1 ~,.! .• 0 ± 59.1 

}?1 c::: 0.05 

104.2 ± 37.7 

(11 ) 

53.7 ± 16.9 

C" ,.) J 

39.7 ± 31.5 

(12) 

133.1 ± 1~.9 
(6) 

p1 ~ 0.001 

82. '-1. ± 1;·8.6 

(12) 

73.2.± 28.7 

(8) 

88.3 ± 35.9 

(8) 

77.8 ± tl8.0 

(9 ) 

;.2 value 

!!u;:1bcr of r~s:;onsc3 occ11r:r'in~ ~·~·it~h.in 3 ni.!!ut0;; ~f..r(,c!~ 

stirnu!~ticn. 

7.L.: time l~~ in seconds. 
:;1 "\~~ltlC: cbt~i;1.c{1 b;," .3-tt!/:'C~:t f z -t t'?st; COï.::':~rl. :;OTl •. ~"5.. Je!: t!-;C 
?rt:'--c:?n1.':..tivc v~lue of CC.C;l !"cs.:]~cti,~c gro\.!.:=. 
:.;:~ "~~clu~: obtz:..in~<1 0;;7' St'llàcnt, T:; t tczt;· ccr::.f~,::..,ri::!)!1 ·b0-t.~reon 

t!:lC control end. the c2cr;;.:ei! arc'...:.::. :n t1~~ c:::!: o~ t.!'iC J(;i="":~ 
l~ .. ~ none is si~i=icr.z:.t. 
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Figuxe 4·6. 

TI~ B:2S:?OESE Ta ~IGI T!J TIE CŒ~TROL Al::;) CL.llZ?ED GROUP:' 

TTH3 LAG •. 

TI1C ti~c Ing is indicated in ~eco~ds. 

i.p.o. = ir.-.fficd.ic.tcly post-o}?crc.tivelj". 
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Te.ble XXII b • 

. .t:1ILLYSIS OF THE RESPO~TSES OCCURRHIG YIT:a:n·r 3 I:!INUTES AFTER STI-

!·lULATIŒJ i'!ITE 0.1 H HGI IN TEE CmJTROL Al:m CL.AHPED INTESTIl-JS; 

b) PP"::::: gLTElJ CY • 

time Fr. control Fr. clamped p2 value 

pre-op. 14.2 ± 1.1 14.1 ± 1.1 

(12) (12 ) 

Ir.mnediate- 14.5 ± 0.5 12.6 ± 1.0 

post-op (2) (6) 

3 hours 14.5 ± 0.4 1 <1·.3 ± 1.1 

post-op (7) (12) 

6 hours 14.5 ± 0.6 14.3 ± 0.9 

:post-op. (4 ) (8) 

12 hours 14.1 ± 1.6 13.4 ± 0.7 

post-op. (11 ) (8) 

24 hours 13.5 ± 2.4 13.1 ± 1.5 

post-op. ( 12) (9 ) 

48 hours 12.7 ± 0.5 13.7 ± 0.3 

fos t -O? (6) (5) 

:Jo:!.t::. ?resentcd as rnean ± SD,. number of 'I·mves/minute. 
(n) : number of responses occurring 1Ti thin 3 ninutes. 
PI". : freC].uency ,number of ,;n.!,ves/minute. 
22 value obtained by Student 1 s t test; cO::llni,rison bct-:reen 
the control an~ the cl~mred group. In the c&se of fre~uen
cy none is significant. 
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Figure 47. 

THE aZSPOliSE Ta HCl nT THE C01,rTROL .kND CL_,UrPED GROUP: 

FREOD-mrC1" • 

The freS:l.ll}ncy is e;çresscd in tcrms of "numb0r of ï';2:ves 

:,~ 
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Ta. bl e XXII .. c • 

.Al'rALYSIS OF THE RESPOlJSES OCCIJRRDTG 1HTEn~ 3 1-!INü""TES l~l<'TER STI- -

l~:oLATION ~TITIT O. 1 ~J '!'-TCl II:r TEE CONTROL l11.JD CL..:UroED INT:2STI:Œ; 

.J..' 
IJJ..DO 

inmedio.ie-

ly lJost-op. 

::3 hours 

]?ost-O? 

6 hours 

12 hours 

J?ost-or· 

24 hours 

48 hours 

~ost-C.f. 

:lx. A. control 

93.3 ± 29.8 

(12 ) 

10.0 ± 2.8 

(2) 

p1 ~ 0.01 

53.5 ± 42.1 

(7) 

29.0 ± ";-7.4-

(4 ) 

37.7 ± 10.2 

(11 ) 

94.7 ± 38.6 

(12 ) 

129.2 ± 73.5 

(6) 

88.0 ± 36.1 

(12) 

11 .7 ± 2. L!

(6) 

p1 L 0.01 

94 . 4~_ ± 36.2 

(12 ) 

99.5 ± 16.4-

(8 ) 

87.1 ± 6.6 

(8 ) 

85.0 + 11.9 
(9 ,. 

81.6±t14.7 

1?2 va.lue 

~~t~ ~~csento~ cs Deen ± J~ in CD of ~~ter. 
(D" ..... i.' ... ;'bc.,. o-~ "'.0"'''"'0-:->-'0'' O,..Cll.,..,.·..;,.,~ .. ..;t1~;.., -: ~. __ i_....,T'-t ..... _::. '.- 1. -- ~ .. ~.. .... -- - --~: ----- .., --_.-"" ,,- --~ __ _0...4_ ~ 

::~,:: •• ':..: :!1~;::ir:~·~ = .. ~:.:,!i-t'..!cl·o-, ~rÇ:5st!ra in cr: c: ï,·:.:.tcr • 
.:~ 1 "\-~ ... l tl e obt~ine~l ~~:,r Si:.l.11oni:. r s t t~ st; c c~~:<~::<ti s on ~,,-i -t·Il t:: c 
~=e-c.:.:e::-:::..-til;1",'2 ~·~l!.!e of. cf:.ch r~zl\ecti·-;tc :~ou .. ,:.;. 
~2 v~luo obtnineC 1~- 3~ua~ntls t test; cO~2~r~~on bct~Qcn 
~!:..c cCl,'ltrol ~.:.n·J. the c2~:~.:.~e::l ~rou~). 
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Figure 4·8. 

TITE RESPOl·;-SE TC ;:;Cl TE TES CONTROL A1~D CLl~œED GROUP: 

Hl: . .xn.1UH Jl·lJ?L T TUl):8 • 

is e:çresseè. in c::: 

~·E·O. = i~Dediutely ~ost-o~erctively. 
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Table 7J8:1 d • 

.JJ:IALYSIS OP T:ill R~SPON"SZS OCCUREH!G 1'TITEIN3 l'iIHUTES l>..FTE1. STI-'-

I.fUL.A.TIŒ~ "YTITE 0.1 N :3:Cl IN TIrE COlTT20L .lùf.o CLJJ-ŒSD INTESTIlJE; 

d.) N1J1,r:sZR 0:2 CONTRACTIClm. 

time 

• " • .1, 
l.I!ll:ie 0.1. C. ve .... 

1;:; post-O]?. 

3 hoUZ's 

J]ost.-op. 

6 hours 

]?ost-op. 

12 hours 

24 hour~ 

48 hours 

control 

23.2 ± 7.3 

(12) 

2t:.5 ± 17.7 

(2) 

'16.8 ± 4.7 
(7) 

11. 5 ± 6.2 

(4) 

12.3± 8.3 

(11 ) 

26.1 ± 9.8 

(12 ) 

19.5 ± 5.4 
(6) 

Î'T.Ctr. clemped 

29.1 ± 6.8 

(12 ) 

9.9 ± 0.8 

(6) 

P 1 .:::: 0.005 

18.8 ± 7.9 

(12 ) 

18.9 ± 3.3 

(8) 

]:)1 L 0.05 

18.5 ± 5.6 
(8 ) 

21.7 ± 13.7 

(9 ) 

22.9 ± 6.2 

p2 va.lue 

D~t~ pre~entca cs mean + S~. 
(n): !lu~ber of rcs;'onse3 occurrinz vi thin :3 minutes. 
:~. Ctr.: nunbcr of' contractions. 
? ~ y;:;.lue obtc.incè. by Stuêlent 1 s t tc::>t; cOr:l]!criso:l ~.·i t!! the 
?re-02erctive va.lue of eech res~ective ~=ou? 
~:2 ya1uc obtained by Stuë!.ent f s li test; cOffi;'t:.rl.Son bci'.rc<:!n 
1,:2C control ~d tJ!C clarn?ed zrou:? In the ca.ze of ih'ê: nUffi

ber of ccntrcctions none is siznific~nt. 
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Piqurc 49. 

THE :E?ESPOlJSE. TO HGI IJJ TIll CŒTTROL .Al·TDCLAJ.1PED GROù"P: 

X1JHBE2 OF COnTRACTIONS. 

r--·---·----·------··-------------·- ----------_ .. ~-------, 

1 

run.-af exa"a:Ii»6 nE RESPONSE 10 tD: 

NJ&RŒ aJflRIdIJNS 

i.p.o. = immediatelY'pos-t-oJ.)era:tivel::. 
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Table XXII e • 

.l:.l·JALYSIS OF TEE :2.3SPQl.TSES OCCUERING :JITT-inr 3 HI!WTES l~}ilTEE STI-

lc:rJLL.TIŒT :HT3: O. 1 Ir Hel rH THE CmrTROL }J:Œ CLA11PE:D INTESTnm; 

time 

?rc-op. 

immedic.te-

ly post-o::;_ 

3 hours 

6 hours 

post-O]!. 

12 heurs 

post-op. 

24 hours 

48 heurs 

!:c .L. control 

39.5 ± 12.7 

5.9 ± 0.2 
(2) 

p1 c:::: 0.01 

17.6 ± 11.1 

(7) 

:21 <:. 0.05 

11.9 ± 13.3 

(4) 

p: c:::: 0.05 

17.8 ± 11.5 

(11 ) 

:p1 <: 0.05 

~·o.o ± 12.1 

(12) 

63.6 ± 34.5 

(6 ) 

;:1 <:: 0.05 

l~e .1... cle,m~ed 

38.1 ± 11.8 

(12 ) 

7.7 ± 0.9 
(6) 

Ji 1 «(. 0.005 

46.2 ± 12.7 

(12 ) 

54.0 ± 8.7 
(8) 

46.5 ± 6.1 

(8) 

-11.3 ± 13.5 

36.8 ± 10.3 

:p2 value 

p2 ~O.025 

p2< 0.02 

p2 < 0.005 

?2 ~ 0.01 

:J<!../v::, ,d:::escnted <::.s r'lcan ± S:J in Cr.l of "'.:.::.ter. 
(n) : nutnber of responses occurrin::; ,;;i thin 3 ninutc ~. 
Ifc.L.: rr:c::::n .:.:-:::.;lituèlc, j?ressurc in cn of ".ra.ter. 
?1 V:1ltw ob·i:.incd. b~-:- Stuè.ent's t t~;;:;t; CCr.1,::=-.x::Lscn ::ith t:I1e 
2Tc-0.z:.er.:.iive velue cf ez..ch rcs?ccti-c;e .ç':01.!.:;:. 
1'2 -.. ""2-lue c bt~ined by Stndcnt 1 s t tC'st; ccn:'3",-r~S{)n 1)<;t:r<:!,::n 
t!!e· c~!!t:-ol ~l1.a t~!: cl;l·t:l:;c·~1 .:~OU? 
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Figure 50. 

TZ-IE RSSPŒ\TS~ Ta Hel IliTTEE CON"T20L .f.J'J"J) CLA}1PED GROUP: 

)3.AlT } .. KI?LITU:DE. 

is c;~~csseù. in cr:: of ~;~ ter. 

. .; 
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inàicates ~ significant lengthening of the time lag post-o~era-

tively in aIl the res?onses 6btained exce?t ~t 24 hours. The fre-
" 

queuey is r~ther st~ble. The maximal am2litude is generally QC-
r 

cre~3ea in ~ll the res20nses till the tiielfth hour and ?~rticu-

larly irnmedi~tely after the operation. At 24 hours the maxima! 

j?ressures cre bac!: to nornal. The number of contractions ~::n?ears 

to be decreased bet~een the third and the twelfth hour; however 

this is not stciistically signific.:!.nt. The mean as~litua.e is 

consistantl:;- and significently diminished until the tlTelfth hour, 

t!-2.e lc..tter beinG included. Th.e recoyery of the controls tdees 

Flace bet.·:een the ti'iclfth and the t1ienty fourth hour. But i t is 

to he noted that the tine lac is incre&sed at 48 hours. 

In the clamped grou]? cOffiparison id th the pre-operative 1e-

vels ShO\lS a distinctly different :pattern. Immedi?_tely efter 

the operation aIl the pararnetcrs are significantly decreased ex-

ce:pt for the frequency for ,,'[hieh statistieal confirmation is la-

cking. Laiier on aIl the responses obtained ,<fi thin 3 minutes af-

ter the stimulation showed ratlier normal eharaeteristics exeept 

for ,2,. tcndency to\;ard c.. decreased nUInber of contractions. It is 

statistic",-lly sibrnificant at 6 hours. 

-;!r..en the control :::.na -the cla.m:ped grou]? ere COr:1IHlrec!, the 

is the c.m:;.;li tud.e. rnc m~ximtlm ::u:r~.üi tudc i~ gc~crall:/ lo~:'.?r in 

, 
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hour. It is of ir.terest to note th2.t it ~3 j?o,rticulo,rly si.:;rnifi-

c::mtly sa ai 6 <.::.uo. 12 heurs 'i'fi th the bast, performance éd, 3 heurs. 

The/nmnber of contrE'-ctionshave 0, similar -variation in both 

groups. It is thereÎore not very surprisin~ that the control 

group :;resenis a mean am~lituQe ., . ., . 
' .. r.:.llCll lS e1so consistant1:,' ~a 

'.~. 

si~nific2.ntly l·Cè1.UC cd .... ô.cn corn;::. reu ";;ri th the clar.1:;?ed grou:;? u~til 

The paraneters describing the res?onzcs occurrinz cfier 3 

r:1Ïnutcs aftel.' the stir.1ulo,tion seem in no ~1D-~T Qiff'erent frc!.1 the 

res]?onscs cccurring ,,;·rithin 3 minutes 2.fter the stimule..tion ;:.1; 

the s<.::.~e recordinz session except for a muc~ lengthened tine l~~. 

Their values arc reportc~ in table ~III. 

,. 

, 
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Table X7JII. 

TIill D~A7TID RESPONSE TG HCl: cm~T30L AND CL.IÜ·fPED G-ROUPS. 

time c,nà_ t;)'})e of expe-

l"'imcnJ
(i 

T.L. Fr. 

inJi10 ai "'" t e- contrel. -250.0 ± 14.1 13.5 ± 
ly ]?ost-O]. (2) (2) 

., hours ..J 

?os-[j-o:p. 

6 hours 

IJost-o::~, • 

~ ., 
I~ hours 

po zt-o:). 

24 !lot'trs 

?ost-Oi:~ • 

~-3 hours 

1)Ost-o-" • .... -

cla.mpcd 240.0 12.0 

(1 ) (1 ) 
\ . 

control 300.0 14.0 

(1 ) (1) 

cl~mpcc1 -.- -.-
control 186.0 13.7 

(1 ) (î) 

cl~mpcd -.- -.-
control 220.0 15.'0 

(1) (1 ) 

claopc(l 245.0 ± 35.4 13.0 ± 
(2) (2) 

control -.- -.-
Cl~rc1lJed 198.0 ± 11 .3 12.5 z 

(2) (2) 

control -.- -.-
186.0 1-1.0 

:?=ascntc/I. as r1C~1! ± 3J, as r!..'bsolutc 
ntll7ibcr o~ rcs:·onses ael~;:.-c-d .2!~st 
~Cl sti~ul~iion. 
ti~c l~~, scco~Qs. 

]wIx • . il .• 

0.7 10. CI 8 Li .. -
(2) 

16.0 

(1) 

56.0 

(1 ) 

-.-
16.0 

(1 ) 

-.-
12.0 

(1 ) 

1.~ 24.0 ± 5.7 

(2) 

-.-., 1 38.0 ± 4-2.4 -.. 
(2) 

-.-
40.0 

,"alues ~;hcn n = 1. 
:3 I,inu"tos ~fi'?r 

" . .-- . -_ .. -:*'~.":'S.(""1't~",,...,,r ;e"'lu,~'7'~~"'" ,.".!'" ......... \~~ .t~1.{,.,.t.,-! .. p _ .• _ .• ~~ ..... V.;, "'-_ .... ~4' __ v.~ ,lI.- .. ...,0..,1, ,,_\ __ ... ~,.,_. 

~ ... , J.. JI"'\.,.. •• _ v·' .. _. 

J 
1 
! 
! 
i 
! 
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CBAPTER. III. GENERAL DISCUSSION. 

1. CHARACTERISTICS OF INTRIllSIC WAVE PATTERNS OF INTESTI

NAL MOTILlfi. 

a} Technica1 considerations • 

. Recording the .. intestinal motili ty vi th open tipped cathe

ters is a vell established method 52. Thé necessity ot inter-

rupting. the .bovel continu ty in animal experiments and the bulk 

ot the recordiDg tube are the main disadvantages ot this techni-

que. A direct influence on motility by such a foreign bo~ 1ying 

vi thin the intestinal 1UDl~n CaDDot be exc1uded. Our double lu-

meD tube is somewhat UDusua1 in that a ditterent pattern of 

vaves is recorded vith the proximal catheter lyiDg on the side 

of the tube from that recorded vith the distal catheter vhich 

is inseried iDside the Po1ey. The shape ot thé waves reco~ded 

vith the proximal catheter is genera11y b1anter aDd otten the 

pressures recorded are not as high vhen compared vith the distal 

catheter recorc1ing (Figure 17, 18). l'his ditterence has been ÏD

terpreted in the to1loving mauner. It was noted that simple 

pluggiDg ot the recorc1ing catheters vould cause the recording 

of a pressure .qui~lent to the height ot the microdrip tlutd 

C01UBD. T.he catheter attaChed to the side of the tube could b. 
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easily J?lueCed. by simJ?le contact id th the mucosa of the intes-

tine. Thus rather ihan mcasuring true intrc.lUli1inal pressures, 

it vould reflect the presence of contractions in ~ure mechani-

c2.1 t·erme. On the other hc..nd the catheter encasecl insiè.e the 

Foley catheter. iT8.S prevcnted from 11n:y direct contact id th the 

mucesa, thereby E.voiding sir,1:;?le rlugein[;. The presence of tvo 

Ir,rge o:;cnings on ca.ch sicle of the ti.;? of the outer tube fccili-

tatecl tl1C !119i2,St1rement and recording of intrD.,lu.~inal :2ressures. 

T:'lC recorclings from the d.istal cc.theter youlà. thus be a truer 

rcflection of intra.lurninal pressures as eviclcnced by taller 

]?eaks anD. the ebscence or ëlampening. This inter]?retation 1oi1lS sup-

:i?orted by observations during the clamring :procedure. Shortl;? 

after occlusion of the mesenteric arteri0s multiple contractions 

iiere visuc..ll;jr oDserved a::ld. 'T.l'ere recorde':' by the proximal cethc-

ter. :Ioireyer the tracin~ of the 2.istal cat~eter remained flc.t 

int':.icr..tin.: th:::.:t ]?robcbly no cffectiv'e :;?ressures '{rcre 6:eyelo,:?ed 

id -t11.in t!lc S9~rTIH~D."'G of intestine by these contrn.ctions. :'~ore 

flov. ?h~se ~era more efficient ~nd v2?i~tions in the intr~lu-

.L·C'~ ''?·i,·u'~·'''?'"' ?g) "':'0"" L~,~e;,,... .... <>~""O- .. .t..j.,,,, ,··t-n.t..~.t....,t.;o"" of> t~,,.. v _ \ __ ~ ........... • _l, ........ 'J. ~. _ v .... ___ ......... ..:;...:...'..._ ~.!..'J V_ ... <;,;. --..;.1 .. :.. ... v..;. v~ _ __ .!.. _ ... _ 

a.ist~l c~~t2::.c-ter. 
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cul t to. record the basal rhythm Iii th pressure variations of a 

few cm of water only. Pressures 10'\'ler than 4 'cm of ,'rater are 

actually not detectable, end lov pressures are easily obscured 

by movements cr panting of the clog. Such a calibration 1TBS ren-

derei necessury by the extremely high pressures developed during 

Rel stimulation. Peaks reaching more than 190 cm of veter were 

oc'casionally recorded and pressures of the order of 100 cm to 

150 cm cf im ter ,'rere 'luite c omm on. 

The choice of the dog as the experimental animel model is 

not devoid. of major shortcomings. The intestine of the dogpre-

sents a very thick muscularis layer .and conse~uently is unlike-

ly to become distended and develop the clinical features inhe~ , 

rent to the condition ofparalytic ileus in man. Schamaun claims 

that the intestine of dogs subjected to arterial clamping of va-

riable duration ?resented the typical pathological l'icture of 

paralytic ileus 131. Sirnil~rly Streeten described the occurren-

ce of experimental paralytic ileus in the dog following potas

sium depletion 18 Obviously the use of the term "paralytic" or 

"aà.:;"ll.amic" ileus is improper if one refers to the clinical cour-

se of dogs submitted to severe intestinal injur:;~. In tne control 

grou? of the claoping proc~dure the intestine -.:u.s'luiescent for 

a ?~riod lastina beb;een 12 <::.nd 24 hours ~fter o]?er::..tion. HO':iever 

this "i;aS of sel~-limi ting e..ul"i:!.tion wi -th progressive recover:,~ of 

rela.tively naroal intestinal mctility. Purther more such a. ,1)e-
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riod of 'luiescence lITas not observed in the animaIs ~'rhose intes-

tine hail. been clamped. In this group no rnortali ty 'l'laS recorded 

and. only milcl distciltion l'TaS present z.t 2.utopsy '\-rhen the anima.ls 

liere sacrificcd. _,tll the dogs of the clamped group recovered 

clinioally as quickly than the controls and licre able te i-Talk 

aroll.'1d 12 hou.rs po st-operati vely. The si ck look of the mech2.ni-

cally obstructed <log was never observed in the animaIs used for 

this study. Thus the clinical observations made on the dog can-

not be transposed ta the hurnan. HOi-rever the model is useful for 

the study of the peristal t:i,c reflex and presents c1efini te c.dvan-

tages for a study performed in vivo and id thout anesthesia as 

the animal can be trained. 

b) Snontaneous and stimulated. motilityo 

~lhether the l·~iller-l:..bboti tube, open tip,?ed catheters or 

the radiotelernetric ca~sule were used to estimate intestinal mo-

tility, the majority oÏ studies performed in the 'pest vere limi-

ted to the observation and assessment of sIlontancous 1':'lotility. 

Code eI'i1:?hasized. ho,,:! erratic and. irrec;ular ihis t;"'J?e of intesti-

nal ,f:otor e..ction ecn be 2.ud. recom.r.:;ende::l ?rclcnzed recordin;:; s es-

sions for noter], the v:;..-

53 riable bcnc.vior o~ ei;1~h ind.ividue:..l do:; • ~;e sade t!w S':'l71~ ob-

" • "'';w'~~ 
, ./'" 
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sign4ificance of the spontaneous moJGili tJt. I-Io1'lever the propulsi-

vc action of the perist.:::.l tic l·eflex is reletively 1'rel1 docurnen-

tccl :::.ncl rz. sbGen the obj cet of multiple in yi tra experimenta.-

Lin 78 80 -- 8'- 1'"'0 1(')1 10'" 105 1,,-18 
t -i .- '.J" J, ,.J, 1 VI, '.J, ,J, ' .1 r I.J.. .co It .J.h" t -'- on • Il .. ra s J. e 11_ .... 

an eV.:11uo,tion of the :perist2.i tic reflex ;lould be c, !':lore direct 

';;'::?J?Tc,is.:.l o:f the functional status of the intestine than the 

sim:;le recorclinz of sllontaneous m'otili ty, ana that the difficul-

tics rel~tcd to t~e vsriability of the latter phenomenon would 

also bC2.yoiè.ed. Further this inv0stig2.tion Iras aIse clirecJ~ecl 

t0112.rd the ~cssible clefinition of the raIe of the mucosa in the 

p2.thogcnesis of ?ost-operative ileus. The reasons for such a pos-

tt!.l[~te è:1ve been ex,poseCl. earlier in Cb.c.rter !1, :p~r:1grafh 1. 

In this perspective it is evident that the spont3.neous matility 

cloes not constitute the only ?rimary relevant 2arameter. 
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2. IETSSTINlL 1·~OTOR RESPŒJS3S TC y ARIOUS CTIZHI CAL STnIULI. 

A fe".·T authors have elici te.:!. the 'pel~istal tic reflex ilÏ th 

0.1 ~. TICI ana other chemic~ls iri the pest. Thomas injected 

2 - ·1· cc o!' 0.1 l-T TICI in the intestine of ll..Tlanesthetized dogs 

e~~ recorded the rnotility with a double balloon recording sys-

ton. ~e re~orted froquent failures of stimulation ana confirmed 

the cas;;" f.:J:'Giguabili ty of the reflex previously descri bod by 

Ll. 
3c:/!.ü:s s.ncl Starling 239, '. 1'P.aen successful, inj ection of the 

solutien bet'\'leen the ti-TO bclloons caused inhibition beloil and 

exci tation above. Eul\.uhara used pieees of fil ter pa.:ver soaked 

in 0.1 :~ ECl to elieit the mucosc.l reflex in denerva.llied. loops 

of 81 <log intestine in vivo The reeording 1·ms also performeë!. 

by the balloon rnethod. Like other writers, he re?orted an exci-

t!1tory response above and c.n inhibi tory res})onse belo't'f the level 

of ...L • ....L • 
slJ~mu..:..a\.l~on. TICI :ras 2.1so uscê!. by Brink, Sehlegel and Code 

to 240 stuà.y the moJ\jili ty of the gastro-duodenal jl.l.."1ction • The 

instilletion of 0.1 K rrCI in the duodenUD ai the r~tc of 6 ~l 

:?c::- minute cause.:!. a. sizuifieant rise in the 2,uoà..enal rnctili t:.~ . 

.. "'p'. -.. --
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in ';'Thic:!:l the siimu12,tions ,'lere sfaced by intcrvals of 8 minutes. 

As ~esc~ibed in the ?revious chapter, tile response is peristal-

tic in c~~r~ctcr in th~t the contractions eliciied are propaga-

teŒ. The response consists of tvo phases. There is' first a ?e-

rioè. oi? inhibition, JGhe time le.?;, "Ilhich is follo-;;ec1. by a burst 

se ·~hc significal1ce of thesc t110 ]?h2..ses, but in conformi ty ;'lÏ th 

the 2..v~il~ble litcr~ture, it is ~robable that the injection of 

acicl c2..uscc1 an inhibition belo'v and u, stir:lUL:.tion 2..bove the in-

j ecJdon site. Thus the recorè.ing ce:theter loc2,ted belo.! JGhe si-

te oi injection 'Tould he affecte~ first by a v~ve of inhibition 

12.sting until the peristal tic ï/ave of exciJGation reaches i t. If 

this conce::?t is v:11iél., the time lag '\Tould reJ?r~sent ::m indirect 

r.re:.sure::1ent of :)ro.rc~z~:tion veloci ty. The normal res:;?onse is clui-

te YGri3blc from animr..l to animal, eacIl ëLog h2..ving his o:m r:1n-

CC cf "ttc.lues. Thus the tine laz vc.ried l'rom 22 tc 47.3 seconds, 

!!.tl::1:)(~::' c:f contr.:1ctiollS ë!.uring the 3 minute l)crioŒ follo"\dnZ the 

., ~ ......... "1'1 .......... ~ 
.;.. 1.. ........ ...,_ ..... 

te 73.2 cr,": 0:: ".:,:' .. -
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rC::~!"ler elusivc 011 the normal l'ange of cE/Jninc inJvestinc"l inira-

Im'1in2.J. ?l'cssurcs. :·:ost recent evalu2-tions have been l;erformec1 

ove:' ";.'] nm II::; 2'<·3 
~iatt obtaine~ pressures reachinc 200 mn Zg 

in :'}::i:'y-'lellc.. ilcal J.. 8.6 3czmenvS Our o~;rn recordings in a 

above are in close ::1~reernent vith thc figu~~s measured by other 

~{or·kers on t!lC doC intestine bclo~l c.. c.luoc.lcn.o--jejunal an2.s-(,omo-

sis 

sane rance (Table VI). This indic2.tes th~t TICI does not cause 

"T.-'" ) 1 • 
'- . in ' ... 5. t!: 

"~llC inj ccii CI: in t1:c ':moè-enun O ·" ~-", _ __"..1""" 

0: 9si:.inc..tin.:; tl;.c fr~Ç.uc!lcic!: ,r:::'3 lcss !::cnsiti- 1 . 
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The effect of the injection of 2 bolus of 5 cc 0.1 R ~Cl 

was ~lotted against the results obtained following a slmller 

inj ection of :Ringer 1 s lactats. ~'7hËtt i'leS fel t ta be a res:;?on-

se cf ter ~inger's lactate appeared in 23.8% of the cases. In 

a.ll the others no change l'ms recordecl at aIl i'lhether the intes-

tine "'iaS active beiore or note .L. IIvolume distention effect" can-

not be excluded in the tracings presenting the features of a 

response, i.e. the presence of a time lag followed by a motor 

activi ty. TIo11ever comp<1rison "'\dth the HCl res:;?onse sho'\'ls that 

the maximum ampli tuà.es are signifi c?-ntly. low~er. If the time lags 

a.re considered (Table VII), the tendency is tOi'Tarel a. lengthening 

though it is not statistically significant. Thus despite a vo-

l~~e effect, the chemical action of HCl is reflect~d by a higher 

predictable incidence of res?onses, a higher maximum amplitude 

and :perhaps a shorter time lag. EuklLh.ara d.emonstreted rccently 

tha:t the propagation veloci ty is related to the me.gni tude of 

~h . ~ 1 . 1 245 1 ~" t th' t 11 t v e lUvra UIDlna pressure • Accorulng 0 18 concep a s or er 

timc leg after TICI stimulation 1lould be anticipated. 

Cooling the duoclenun results in a decrease in the rate of 

b . . t t· l 11 t~-" t t" 222 D "t t , CS1C ln es lUC r y ll~lC con rac ·lons • 'ecreuse ~n 0 a_ 

150 . .. 
rocent report Qescribcd the inhibition of es02ha~eal 2erista!sis 

2'16 
by a. cold bolus • In the '.?~perü:entcl si tuatio:Q è.escribc'l in 

this siudy, i t i5 ~cc..:::on~blc te j;.ostul::. te thv.t 1;:'1'? inj <.: cti on of 
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5 cc of ~ solution at 20 0C oight c~use sudden cooling of the mu-

cosa and tnus a certain degree of inl!ibition. This is supported 

by the increasod failure rate observed (15%). Eowever as rnen-

tioneù earlier th~se failures occurred aIl in the same animal 

and are consequentl~r cf doubtful significance. The responses re-

cardca. :1Îter stimulation. ,'Ti th cold BCI have a tenè.ency ta hn-ve 

a higher me_ximum n-mpli tude and a higher mean aO,l)li tude. Xo Sé1-

tisfactory cxpLma.tion coula. be fO'U!ld for this trend \-rhich is 

ac-'c,uc..lly not statistic<:üly significant. 

Des]?ite its variability the res]?onse ta !!Cl is ]?robably a 

more direc-li and more reliable ~:ray of testin:; the motor function 

of the intestine than the simple rocording of the spontaneous 

motility. Food is n- major determinant of intestinal motility 53, 

151, 237 convorsely an eI:l,l)t;y intestine is re1ativ91:JT Cluiescent. 

T!;.us stimu1~:.tion studios ara ?ossibl;y s.. Dore 10gic&1 ::!.:21~ro['.ch 

ta the unders.lc2.nding of intestin:J. fUJlction since the stimuluG 

c~n be stcnd::!.rdize~ ana the res~onse quantitated. 

This concc}?t finds sorne SU1?Ort in our observations on the 

vcnass te =Cl sti~ul~tion. Tot~l absence of any s?ontaneou~ 30-
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<1ssociateëi "lïi-t!l rcs::'10nsiveness. This is \'rell illust>rated b;:,r the 

recor<lings of -the clt.:1m:ping experiment (Figure 37, 38, 41, 43, 

45). In J;jne clamped group: no spontp.neous mo-tili ty "Vraz re cor-

ded pre-02erc-tively in 2 out of 4- dogs. 50vever the~ aIl .res-

pouc:le:l s:;:ectacularly to HCl (Table XXI). 

The analysis of the differen-t compol1.en-ts of the response 

to RCl apIlear to be only moderatly informative. The- incrcase in 

the time lag, the decrease in the number of contractions and in 

the hcight of the maximum and mean enplituda aIl parallel gros-

sl::,r th.e v::.rictions cf the rate of failureto elici -t:2'esponses 

1Ti'-j~U""C \- -;;, - 46, 4-8, 50). Thus the estimation of the.··-fai:lurc 

=atcs ~lo!lc proyid.es a fair~y b'ooë!. indicu.-!ïion of the peri'o:rmcn-

ce ~ôicb. cc.n be ex-J?ectcè.. froD the intestine. 
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2,) .~LcrÎusion stuclie.$ and the effect of local anesthetics. 

The p~n'fu3ions "\icre J?eri'oriTlecl at en extremcly SlOi.,' rate in 

ord.er -te c.yoicl ;;'::;l~T yolu.me êtistention ef:t>ect. The a.in ~ms m2-inly 

t~esa e:~erimental conditions it is not very sur2rising that a 

cnific::..ntl:,' t:1G nur;-:ber of centr~ctions 1-rhen cemIJG.recl ,·ri t!l the 

b.:::.~';) lino recorc1.ings of the s:;:ontcneous r:lotility. The e:?fect is 

not st:.::.tizticG,lly si.;:;nificD.nt ~T2:..en the com}?arison i5 made Id th 

.1.' v..:.1C 

(1 ~ , .. ,.,.;,...,... ... 
_lr.. _ __ "_...;, 

but still the trenè iz the 

~ 10 minute rerio~. 3rin!: c-1~ ~l. incree.se in 

G ml 2e1' ~inutc aurin~ 3 minutes 
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It is interesting to note that the res~onse to a bolus of 

TICI ''l'ia.S not depressed ai'ter perfusion 1li th :Hel (Table rrI). Thus 

the intestine reacts clifferently depsnding on \'rhether the acid 

is slowly infused or injected 1'apidly es a bolus. 

Perfusion id th :-:ylocaine 10-2 11"aS folIO"!·.red b-.r Ilhat seeJ!led J 

to be a bi]?hn.sic effect. The first 5 P.:linuies of ~erfusion <11'e 

follmreé!. by a normal or perhaps an incre8.sed motor activi ty. The 

second 5 minuJe,es a.rc characterized by a complete inhibition. The 

oveTall result is a significant decrcase in the number of con-

tractions. The 1'ecoTdecl maximum. amplitudes ,,;.;rere also generally 

dccTeased, but this tTend did not receive.statistical confi1'ma-

tion. As for RCI this definite inhibition follo1dng xylocaine 

-') 

10 W perfusion contrasts with the stimulation caused by a bolus 

oi' ihis solution (Table XII, XIv, ri, and Figure 24). 

",r'~l . 1 n - 2 oP· , t .,,~,) 0 caJ.ne 1'-.. per ":US10n resu_ s in a definite inhibition 

of the res?onse to 5 cc of 0.1 N ~Cl. The failure rate of ZCl 

s-'.:,imul::.t.ion is increasei to 25;:' afteT xylocç.ine :;>erfusion, and. 

21alf the f~ilures too~::. J?lace 5 minutes :..fte1' "the end of the :;:01'-

fusion (Tcblc ~!, ~~). 

'2:ho c;;,:;criment cloes net ello,; c.n;.r cc:c.clusions on the mecha-

1 

1 

J' 
l 
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tec:'. LOCD..I anesthsticz sucb. ~s ]?rocaine act in 2, bi:;?hasic 

fashion. They i'irst cause ële:;:,olc.risation and then h~'-..f'eTl)ol:::.-

ris:::/ûion 
2~8 . . 

of the membranes • The Qe~olarlsatlon rhase is 

: .. 

tecl bj" the :;?ersistin:; er incl~ecseè.. f:10tili t~l of the first l'i!inuo
-

., 

te~ oi' perfusion. Once h~r}ar?olaris~tion is est~b1isheè, com-

~letc bloc~ results. 

SE!ooth muscle 249, 250 This cou1el also explu.in -'Gh.e motili t;; ?:::.t-

tarn observed (luril1.g the fi:rst fCio
; mi:n.uJ.jcs oi' ]?e:rfusion. 

Thus ~Cl coulQ be libe:rated D..uà have :::. stimulatOI'3r effect until 

the b~se has become effective. 

-:Tc a:rc una,ble tO offer c.n::/ sa tisi'actory cxplcna tian fo:r the 

a;;arcntly 0p2osite e~~ect of th8 2crfusion and of c bolus of 

lus i~jcction of local anestb.etic te ascertain th.e stisulatory 

cffect. ::!o,,;:ever -'tinase observations SU[;ccst 8. simil2.rity bet-;.-een 

the Cf:f~3ct of E:Cl ::.nd. ;ç;locc.ine. It is 2cssible that ::Cl h2.5 f~ 

Ycr;;~ ~:-eE:.k local anestheti c effect. 
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of rhythmic contractions. This is due to a pcripheral as Irell 

as to a central effect. The peripheral effect involves a mild 

local anesthetic action on the cell membr8.nes anD. :;?ossibly the 

release of noradren~line from the ~Qrenergic narve endings. An 

hypermotility state h~s been SUZciesteà on emergence of b~rbitu-
·r 

rat:: 24-8 251 induceQ sleep , 

In our O~n1 experience, immediate inhibition of spontaneous 

motili ty i-ras noticed after intravenous inj cction of pentobarbi-

tal. Similarly a very poor response to HCl stimulati~n was eli-

ci ted under Nembutal anesthesia id th minimal im]?rovement as ti-

me elapsed. The effect i:::; mainly cllaracterized by an increase 

in the failuro rate of the responses to SCI stiQulation. The res-

ponse itself, if Eresent, shows a much lengthened time lag, a 

decreased maxim~~ am?litude, an~ a smaller number of contrac-

tions (Table ][InII). 2:embut!11 anesthesia ep:pea.rs to siznifice..n-

tly in:?luence intestinal r:lotilit~:- the carly hours after o?era-

ticn ll.'2til the cl0cis a.re cot1?lctely z;.:a1\.e. It c ert<::.inly 1?lays a 

l'ole in .ltïhe de:i?ressi on of intestinD..-l i:lOtili t;y ir::u::eë!.iatol:;'" after 

1 
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::OTILTT7. 

a) The effect of acute ischemia ana destruction of tne in-

testinnl rnucose on motility. 

Sudèen acutc izche~i~ by occlusion of themes8ntcric arte-

rlCS 11as followed by the onset of spestic contractions. Similer 

obsery~tions have been reported in the ?est by Schamaun, Job, 

1"0 otI-lcrs ..J, 131, 252, 253. J.eestablishment of blood flo • ., 

1rns nS:3ocio..teè. ;;ith slou spastic contractions .~rb.ich pcrsistecl 

longer th~n z.ftcr the onset of ischemic. This is in accordance 

132 report by Zfcss 

The ~os~-operctive ~attern of the motility in the control 

and cla~;cd GrouE i~ very èifferent. If both the s?ontaneous 

r.!Otili-'vy and the res]?onse to TICI are consiclereè. at 3 hours, aIl 

.I.:,he controls S!J.OiJ c severe c1c'pres:::ion of a.ctivity, 14"hile most 

of. the cl~r:l.:;:ed s egncnts are :::pontc..neou:::ly actiYc anG. :!?res ent c 

. . " lllCl':.LCnCC 

of reS;}02SCS to the char~ctcristics 

=Cl{7izure 39 - 46, 48 - 50). 

I.. c!e crea:; c in. the i"rcquenc:; 
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influencec1 in this stuc1y) of the contractions ~las notec1 in 'hue 

clampecl .El'OUp immediately after oj?oration. 1...1 though not statis-

Jejicall;y' :::icinificanJej in our stuiy, t!!e reëtuct.ion of freÇLuency i s 

a rcco:nized effect of ischemi~ i'lD.ich has been thoroughly inves-

1 ." 1 

--' ~nQ is belicved to be ùuc to function&l 

, t t· . t' ..J. l' 148, 1 49 a.. 'ora 10n3 ln ne ln~7amura 2~o~~ses Aftel' a. short 

I·ericŒ of ischomia recovery is rD.]?icl t'm0. the frequencies recor--

clod. c..t 3 h01E"S ~le:!.'e 2.11 norii1:::.I. CU1'io1.ls1y the frequency of the 

control èOciS drop~oQ 2 deys after the o2eratian, an observation 

~rhich -;;e are unable ta o:.'::l?l~i~. :1inecker clos cri bec1 an unstc.ble 

for the observations just mentioned, the fre~uency ~~ttern of 

the control ë!.ogs é!.ocs not confi!-"m t:;'is ro]?ort. It is felt h01l-

(Fi'::;UTO L!7). Tncse inte7:pretations sh.oulcl be acce::rtieë!. ,d th ro-

serv~tion because of the li~itc~ r.ruaber of c10Zs stuaied and be-

cnuse of the presence of dc::?ress e(~ mc-'l.ïili ty in the first hours 

:;?C st·-o?c=[diiycl;r ~ ... hich limi ts the ntt."':lber of pc ssi ble Moasure-

the !:ret.:!.boli. c :'roc~sscs _..: ,'"'.-1..,..L .;~..t..('\..,...",:"n_"", --';~,!.,. ... __ ...... _ .... t..r __ ......... _ •• _ • ..,..J.. '_ 1. _ v ..... 

':'Cl'OSS: t!:c c-:?ll r:i.cobrs.nes, t!lu .. S :~-_1tcri!l: ... ". +.-ll'_'::. r.:.. .... ~c;.L....,b~';J· .. ~ 146, - _"... _ ... ~ _ ,,'\.W ..,J.. .... _ \,. • .;,' 

intr~rnur~l ~0uroncs h~~ bacn note~ 
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early clurinc isc!!cmio, by J01) ana. ";[2.5 }?ro:;?oseè.. as an explanation 

for the spD..sms iThich ::0110';'; the in-terru:;?tion of blood flo;'T 252. 

B01lcvcr -:rhether a :>rolongcë!. inst2.bili tJ'~ of nembrane cxci tabili-

ty is :ge,rt of the rccovcry lJl"ocess is UD..~,mo;m. 

l~o ail'cct l"clc..tionshij? coulel be establisb.ecl bet1Tcen the 1e-

sion cf the f!1UCCSC. a.ncl the s:pontaneous v..otili ty or t,].le response 

to I-!Cl. Thea.est,:ruc'''0ion of the mucos,?:, uJ? to the grade III or IV 

hours (Figure 29, 30, 35). At 2<-7· hours the yilli Tiere gcnera11y 

covereQ b::, a thin fria.1)le e:;?i thelium cO!:i:?osed of cuboid cells 

decrcased though this h~s not bcen ?rovea. Theze results are in 

t . ·J.1 • t;,· 162, 256 
~.;;reemen· ... a 1.1.:.1 J?:rev~ous S ·uc"J.es Thrce hours after the 

estn.blisllt:en·~ of J.:,hc mucos2.1 clcr13.ze the intestine no.nifesteù a 

norr.ml rC,S1?onse to TICI (Figure 45 - 50). Thus the j!erista.l tic 

rcflex coul~ siil1 be clicitcQ Qes]itc ccm?lctc Qcstruction of 

.,.". 1. 83 
';";1.r'.mcu·1.I • 
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'0) ~hc mode of action of intralumin~l TICl. 

Our e:çcrir:1cnts :;?xoviè.e very little information on the me-

chenism of ~cticn of ECI in ~rovoking a Dctar response in the 

c:;.ninc intestine. Eukuh2.re, ëL'9seribos J0he perisial tiq reflei:: ob-

tr!.incè. ,;;-i th sucll ~ stirr,ulus as .;[, "mucosalll reflex as o]?:;?o sed to 

t:10 llf;lUscul:;;,r tl reflex ilhieh is eliciteà. by stimulation of the 

8uscul~ris Ïrom the serosal side 81. The term is some;fhat rnis-

le&~incr because thore is ne evidence that TICI acts spccifically 

on the rnucosal cells. Data acc~mulatea in this laboTatory have 

-'-
sho~m that the E' ions deposiied iuto a cloaca 1002 01 canine 

jejun1!rr! in viyo ere ra?i2.1y exchc.nged fer :3odium, a.nd this is 

~Ccoi71?c.l1ic:l b;r a ~riëLcsl?rcac1. heoorrhagic enteri tise The :r+ ions 

2.re thns :.?o:::sibly :resorbcd and mig:::.t hayc aD. action on d.eej?er 

obscrYo~l in our siud.;)r, j?rohabl::/ bec:::.use cf t1:c 1imi te'l amount 

iics In bot~ c~scs continous ~er-

J. _ "t..,'; ., .; _ ..... ,,.. 
~' .... ,. ~~--- _ ..... .... fIti • in tT~c ~ J.1;.11:::..:::-

;-

" 
;.ï. 
! 

:' ,. 
',. 



: I.m:- i 

-186 -

~ .. 

of ECI u:;?oD. the mucoso... :':ucosc,l blocka<le :ii th locel c,!lesthetics 

d0struction beth feiled to ;revo!lt ,), .L 
G~e mo~or respon-

30 0:: the intestine to ::01 stimul:l.tion. ?urthGY!1Ore our siuà.ies 

dcrnonstrated thai ZC1 c~n bo cffectivo in ?rovokin~ a mator 

i3 li~:ca to the ischcmic injury of the deepcr structures of 

t:2e ir:.tc stine i3 u..'t11::"'"lOim.. 
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The ph;)'sio1ogic2.l intec!'atiol1. of the àifferent anatomical 

COr.l:Jcnent.s of the il1.tes-c,inc.1 ;Tall is still poo:!"'ly unàerstooc1 

c1csJ?i te numerous stuclies l1sin,; v2.rious icchnioues. The basic 

necl::,misms regul8.ting -'G!lC }?eri s .l0al tic re:f19y. 2-11d the mod.ulation 

of one layer of muscularis ovel' the other have beeu descl'ibed 

onl:? reccntly iiÎ th in vitro experiments and j?h.armacological 

;:;,nC!.l;ysis. !~o,?'e"',rer the altc!'2.ticns ~ib.ic~1 night ei'fect thcse me-

cn.e:n.ism::: in Ci.~se:.sc c.re sti2.1 cOn1j?letcly llnlmoim. Attempts to 

isclcie anc.tomic:::.l1y ancl f'unctionc.l;:/ one structure of the in-

tcstin9 1dthout Œar.w.ging the otheTs inyolv-e enormous teclmical 

c1ifficul tics end e:::plain this 1ack of information. 

The inf.'.è.ocluc.c;;r of tho presently a"'rc.il~,ble animal models 

h~ve b~en a major dra~'ibacl,: in the unŒersianc1in[; of th.e pathoge-

nezis _o~ rar2,l~~ic ilcus. !he an~tomical cnarsctcristics of the 

c~rnivorou~ intestine ~recluèes the develo~ment of intestinal 

àistentio:l ::!.s SD"n in mc..n. The long 2.nd thin '.:allcd intestine 

of !::c:,"bi voro1.!S or cr:'!ni vorous D.ni!7!~la possi bl~r r~D..~i simula te in-

~c~tinC:.l c.bn.orma.li tics si~ilar te tll2..t seù!l i~ 11lli~cn. a .. is~as.~. 

l~bor~tDry. ?uturc e~~ort~ ~he~la ?robebly bc directcd to~~rC 
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?2,:!:'é',ly-tic ilous if Ïurther j?r0ci!"cSS :'n UTIùe:!:'st~nding of its 

-(; 



- 189 -

6. GONCLüSrOI-ZS. 

1. Â reproducible response to the stimulation of small in-

tcstinal 2eristalsis could be obtained through the injection of 

5 cc of 0.1 E HCl in the l~~en of the up2er jejunum in the doge 

Conp2Jrison liÎ th control inj ections of Ringer 1 s la.cte,te indicBte 

that the resl'0nse is due to the chernicel action of HGI. 

2. The fnnctional abilities of the intestine can be estima-

ted by the stuà.y of the incidence or failure rate of its respon-

se to RGI inj e ction in different experimental eircumstanees. Ho.-

rc è.et3.iled inforr.1ation ca,n be obtained in ihis respect b;;.r the 

snalysis of the characterisiics of the intestinal motor rcspon-

sc iJl.iself. The ,lave pattern of the moior res2?onse can bo quanii-

t<:1ted by measuring the follOidng pe~rameters: the freCluency, the 

ar.:lplitude in tcrms of th.e intralUJ:1inal }?ressure de-velolied., both 

max.imum and œC2..n, the number of contractions, and 'perha2s most 

ic:;:ortant of aIl, the time lag or .:;criocl of inhibition, bccause 

tne l::!.tter reflects the :;.::ro?:J.caticn veloei ty cf the 2erist~1 tic 

v~vas. The variations in the f~ilure rate of the res~on3c 11crc 

obser-vca to ;arallel the variations of the varicus 2ararnetcrs 

~ c:.rs te be: :. fair ir_':lex c:: t::.'lC :i?u.Tlction:::.l ccndi tien c:: t::.(; i!'!-

'"''l'''l' "- ""- 1.5 
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sig:nific2.ntly inhi bitec1 by ::,revious :perfusion ïli th :hrylocai-

10-2 , by intravenous injection of Ne6butal (Pentobarbital), ne 

or folloidng laparotomy and d.issection of the vessels supplying 

the sJliuc1ied. segment of intestine lri thoutimpedinent to blood 

:t'lov. 

4. In one e}.."?erir~ent the inteGri ty of the intestinal muco-

se in a s egl!1cnt of u:p:per je junum iras disru};lted by a period of 

acute arterial ischemia lasting fer 1 hour. The motility of this 

segment vas plotted against eontrol measurements deiermined in 

a grou2?of é1nima.ls ';l'hi ch uncleri'leni a "sham li operation. The con-

trol dogs c1evclo]?c!! intestinal ad;ynamia for a. period lasting be-

tlieen 12 and 24 hours po st-operati vcl::l. This inhi bi tion of the 

motili t;l 17'a5 self liii'li ted an<l cannot be comparecl to the IJhysio-

lcgical changes 8,nt1 conse~uences of :;?aI'e..lytic ileus in' man. In 

the ischemic segment of intsstine, the more severe degree of in-

jur;}r "lms not reflected by a c\o~:9<1rable increase in the degrce 

or duration of inhil)i t·ion of intestinal motili ty, but rather by 

an h;j,,?erexcitable state folloved by a l'eriod of irregular reco-

very of motor c.c"tiYity. 

5. The exporiments failed to deQonstrate c.ny selective ac-

tion 

the 

• 

~:" 
.. ~ 
:~ 
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