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The peristaltic reflex is regulated by complex nervous and
hormonal mechanisms. It can be elicited in vitro by stimulation
of the intestinal mucosa, but the functional relationships bet-
ween the mucosa and the motor activity of the intestine are vir-
tually unknown. Such a relationship is suggested by the frequent
association of paralytic ileus with the stress ulcer syndrome.
This problem was ihwostigated in vivo in the awake dog. Electi-
ve stimulation of the mucosal periastaltic reflex was attempted
by instillation of O.1 N HCl into the intestine. Such a stimula-
tion was followed by a reproducible motor response. This method
wvas found more reliable than the simple recording of spontaneous
intestinal motility since the stimulus can be standardized and
the response quantitated. The response to 0.1 N HCl was inhibi-

2 or by the

ted by an intraluminal perfusion of xylocaime 10
intravenous injection of Nembutal. In one experiment the integri-
ty of the intestinal mucosa was disrupted by a period of acute
arterial ischemia. It resulted in an hyperexcitable state follow-
ed by a period of irregular recovery. On the contrary "shaa" ope-
rated control animals developed an intestinal adynamia for 12

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

of intestinal motility or in the pathogenesis of paralytic ileus

could be identified in this study.
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CEAPTER I. REVIEZY O0F THE LITERATUIZE.

.
g

. ZISTORICAL SUMLIART.

ke intestinal obstruction symdrome was well known to ve-
- writers. it autopsy pathologic alterations such as
volvulius znd stranguletion were described. Hippocrates descri-
bed these findings as being the locecl monifestation of 2 more
eneralised inflammation, hence the term "Ileus Inflammatorius”
introduced centuries later by Galenus., Although the mechanicel
ty of the syndrome was well recognized, no obvious obstruc-
tion of the intestinal passage could be found in certain cases.
It wes not until the early XIX th century that peritonitis re-
ceived some credit 2s a pathogenetic factor in ileus, when the
view was held that the intestine was parelysed owing to edema

ond inflommation of the bowel wzoll.

The entity of post-operative parelytic ileus as such wes

SUay

e

. - . - . 1 . .
Zirsi described by Olshausen in 1838 '. 4is he could not f£ind

an; cigns of peritonitis he related ileus to the operztive pro-

AT g I

cedure itsel? and particulaerly to manipulation and exposure of
bowel loers to air outside the cbdominzl cavity, end he queli-

Zied the sost-operztive intestinel dysfunction as "Pseudo-Ileug”, _
This concezt was not generally accepted b;- the contemporary au- .

-

. o . 5 . ) 3
tZorities such os lleichel or locher ”, who thought that Pibri- H




nous nicro-adhesions were responsible for the condition.

In 1899 3Bayliss and Starling 4 reported their classical
studies of the peristaltic reflex and the observatioan that it
vas markedly inhibited by stimulation of the splanchnic nerves,
thus ending 2 longz lasting controversy on the subject. These
studies initicted the start of enthusiastic experimental work
which gave birth to the theory of sympathetic reflex inhibition
of the bowvel movements following laparotomy and manipulation of

5

intra- or retroperitonezl orgens. Cannon and iilurphy ° demonstra-
ted in 1906 that operation was followed by delay in gastric
emptying and sluggishness of the intestine. In a further paper
these same z2uthors showed that crushing the testicles could al-
e yevsa s . R - T . . .
so inhibit intestinel motility ~. According to their experience
they indicated that manipulation and handling of the bowel cau-
sed '"much greater effect in the dircction of post-operative
inactivity then any other of the factors under control during
. : " - 1 o v . Tr 7 Iy . 8 14 9 b}
operation”. Purther work by Hotz ', Arai ~, Olivecrona and
others demeonstrated beyond any doubt the presence of a srplanch-

nic nedizted reflex in peritonitis and following cperative pro-
& < & Fy

cedures. Howvever these investizetions also cast some doubt on

the porelztic nature of the intesitinel dysfunction. In 162¢

- L d Ld
1 ‘:C" 5 L3y 4 + 4 5 3 "y !
Llveresn wrote thet post-ojerative ileus "is not nerclztic”,




turbance after removal of all the muscle from long segments of
bowel, he postulated that neither the intestinal smooth muscle
nor inhibition were the main fectors but rather a reversal of
the physiological aboral gradient of rhythmic contractions in
the development of what he called "Flat Gradient Iieus".

The freguent ocourfence of massive abdominal distention
in post-operative ileus has led many investigators to gquestion
the nature of intestinal gases and the factors involved in their
production. Mclver 1 demonstrated the predominant role of air
swallowing in initiating distention and a vicious circle conm-
mon to all tyfes of obstructions in which the intestinal cir-
culation is compromised 12, secretion increased and absorption
decreased thus causing further distention 13. Youmans 1 showed
also that distention of a segment of intestine reflexly inhibi-
ted the rest of the bowel. In 1932 Wangensteen demonstrated that
this sequence of events could be obviated by the use of conti-
nuous suction, & practice which has since become routine in most
institutions and hes been responsible for a drastic decrease in
the incidence of serious complications and in mortelity following
major surgery 15, 16. But in 2 small percentage of cases this é
measure fails to bring around recovery and other factors eppeared

to ve of importance. In 1937 Mecroy 17

drew attention to the im-
portance of hypoproteinemia which resulted in edema of the bowel

wall., Development of interest in body fluid and elecirolytes re- i

e i dE
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sulted in an understanding of their role in paralytic ileus.
Streeten 18 was able to produce paralytic ileus in dogs by ren-
dering them deficient in potassium. At a time vhen vitamins vere
fashionable, the idea of a relative deficiency in panthothenic
alcohol was raised as an explanation for the decrease in total
tissue acetylcholine vwhich had been previously observed. The
therapeutic implication of this hypothesis has been followed

by rather unconclusive results in clinical practice, and neither
the administration of panthothenic alcohol, nor parasympathetic
stimulation by the means of acetylcholine analogues or anticho-
linesterases have proved to be undisputably helpful.

In the thirties spinal anesthesia was used to suppress the
sympathetic inhibitory reflex. The obvious drawbacks of this te-
chnique do not deserve further comment. More recently, using a
similar theoretical approach, Catchpole reported some success
with adrenergic blocking agents 19. Obviously further evaluation
is needed.

Recent electrophysiological studié; of the intestine have
suggested that intestinal contractile activity may be driven by
& pacemaker situated in the duodenum. Howvever attempts to pace
the bowvel with an electrical stimulator during the immediate
post—operative period or as treatment for paralytic ileus have
been unsuccessful so far 227 226.

The experimental work performed in the most recent years




as well as human clinical observation with refined technigues
have suggzested that the gastro-intestinal tract does not beha-
ve homogeneously following surgical operation or trauma. The
small intestine appears to remain rather active while the most
atonic parts are the stomach and the colon. This behavior conse-
cutive to lanarotomy is distinguished by Catchpole from "True
Tarelytic Ileus" which according to him is characterised by
. . " L AT 19 . .

complete inactivity of the entire GI tract . Of major inte-
rest is the recent observation that paralytic ileus is associa-
ted with about 505 of the cases of shock which develop stress

33, 229 .. . . T .
ulcers . This is suggestive of another possible patho-

genetic mechanism which is the purpose of the following inves-

s
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CLIXICAL TEATURZES OF POST-OPERATIVE PARALYTIC

II_T,:“'
ILEUS: ATTEMPT OF & DEFINTTION.

Distention is recognised widely as the characteristic hall-

13, 20,

mark of paralytic ileus fellowing operation or trauma

. Simultancously the bowel sounds are absent or only feebly

audible and there is no passage of flatus, although diarrhea
. 22 o ..
has been occasionnaly recorded . Vomiting is 'also a common
. 23 . 3 .
accompaniment . Gas pains and abdominal tenderness are some-
times present, but are not a conspicuous feature. Depending on
the degree of meteorism, there may be considerable breathing
difficulty, the respiration being shallow and rapid. The pulse

s alsc accelerated. Urinary output is scant and in severe ca- b

[N

ses there is progressive dehydration leading to hypovolemic
“ s PR 13 {
shock in the absence of intravenous therapy .

Radiologically the classical picture consists of diffuse

metcorism of the entire intestine and eventually the appearance

2 3
of fluid levels with the progression of the derangement 13, “4. :

25

lowever Sticss sugzested 2 number of years azo that gas and

fluid levels could be zbsent. More receni appraisal using con-

trast studies have shown that gas is normally trensported in

+ 3
e

iy

smell bowel during the uncompliceted sost-operative period,

26

but it accumulates in the caecum and colon .

[

The clinicel picture outlined azbove has been until recen- 1



tly the major basis for a concept of paralytic ileus and its
diagnosis. It wes widely accepted that operations were fol-
lowed by 2 period of "Physiological Ileus" whose duraztion and

severity were proportional to the extent of the abdominal pro-

27, 28 . . .
? . Thereby a state of intestinal paralysis was pre-
sent during the carly post-operative course. This postulate

Tound some support in human studies vhen direct measurements

20
of intestinal pressures could be recorded . This wview vhich
. . . . .o 2¢
seeme® still solidly established in the sixties ©7 has been

somewhat shaken by the development of more refined techniques
such os the radio-telcmetric capsule. Cne major advantege of
the method was the capability of estimeting the gastro-intes-
tinal motility in very sick patients. This development wos of
particular importance because post-operative paralytic ileus
could now be defined in terms of clinical facts and not only
cenn the basis of clinical imwression.

The present concept is zs follows. During the first 2 - 3
days following an abdominel operction the stomach and the co-

lon show a merked decrease in activity. In particular gastric

empiying is markedly delzyed causing the accumulation of z2ir
ead f£luid. Mausca and eventually vemiting result. If the swval-

lowed azir accumulcting in the stomach eventu2lly finds its way

5

»idly moved down to the colcen

throuzh the pylorus, it is r

n demonstrated radiolo-

2]
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6. Similarly studies with the radio-telemetric capsule

gically 2
have szhown that the small intestinal motility is diminished on-
ly transiently and returns rapidly to normal, even following
vagotomy 28, 30, 31. There is some evidence to suggest that the
return of normal small bowel 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 bowel 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 maintenance.

Sometimes the state of "True Paralytic Ileus™ supervenes.
It is characterized by distention of the whole GI tract from
the stomach to the colon including the small bowel. The bowel
sounds are virtually absent. Radiologically air and fluid levels
are present. Constlipation is complete and no flatus is passed
19. Other complications such as stress ulcers are frequently

33

present "~ . The situation is of concern and the progmosis can

be serious. The usual therapeutic methods are often unsuccess-
ful.

In summary, post-operative paralytic ileus can be subdivi-
ded according to the degree of severity into two conditions,

one benign and readily reversible, the other more severe and




appearing as a2 development of the early transient post-operati-
ve motility disturbance or incident to other complicetions.
This distinction is of some importance in order to avoid the

existing confusion bhased upon published opiniorn related to cli-

mpression.
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This study is related to the full-blowvn condition.
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3. 4 CLASSIFICATION OF PARALYTIC I

Most of the classifications proposed in the literature

in fact an enumeration of the conditions often associated

ar

«©

with parzlytic ileus, i. e. the generally accepted clinical pot-
tern described in the preceding paragraph. Howvever very few ana-
lysis of the precise behavior of the GI tract associated with

these various disorders are available. Classifications of para-

1ytic ileus very often appear to bring under the same heading

iseases which have really very little in common. Though logi-

~

cal and of grezt osractical help, they remain artificial.

Berning and Lindenschmidt (1961), in their very extensive

29

review, outlined the following classification :

1. DXeralysis of central origsin:

2) Yetabolic disturbances (dicbetic 2cidosis, acetone-

nfections, inenition, hepetic coma,

He

mic vomiting,
21t depletion symdrome in cirrhosis of the liver).
b) Crgenic cerebral disecses {tumor, infarction, me-
ningitis).

ranic—-cerebral traume.

0
S
@]

2. 2Zzralysis of the neripherzl nerves:

z) Cperations en the oesocphegus.



b) Cervical and ribs Practures.
¢) Thoracic and zbdominal contusions.
cUMOTS.

d) Bronchial carcinoma and mediastinel

e) Pharmacological neuroplegia.

Disturbances of the neuromuscular junction:

o) Potassium deficit.

Deflex disturbances, peritoneal inflammation and rare

diseases:

a) Paralytic ileus in zcute gastroduodenitis, gastric
and duodenal ulcer, carcinoma of the stomach.

b) Cholelithiasis zand choledecholithiasis vith and
without pancreatic involvenent.

c) icute appendicitis with 2nd without peritonitis.

d) Disezses of the kidneys ond urinery tract, retrope-
ritonecal inflammation and tumors.

e) Paralytic ileus after extre- and intra-abdominal
operaticns.

) Paral;tic ileus of myxedenma,

xication, dystrophias.

the above classification, there iz no mertion of the

causes of parelytic ileus. Zeference to Ochsner and




Gage (1933) is made concerning this metter :

Vascular disturbances:

AW |
.

a) Strangulation:

o
17 Intranmural: 4

[0

stention followin

0 =~ . .
27 Ixtramurel: compression of the mesenteric vessels.

By

b) Mesenteriec thrombosi

W

e
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THE INCIDENCE OF PARALYTIC ILEUS IN REPORTED SERIES OF MECHANI-

4.

THE INCIDENCE OF PARALYTIC ILEUS.

CAL OBSTRUCTIONS.

-13 -

Table I.

T S S v Y T e R TR

5 e Gt At oy

Reference Total number Number of para-~ Number of post-opera-

of cases lytic ileus tive paralytic ileus
Wangensteen 630 353 195 (32%)
1955 (13)
Gudladt 190 41 6 (3%)
1939 (34)
Yachsmuth 996 116 -
1964 (35)
Mlczoch 1269 51 -
1961 _ (36)

Table II.

THE INCIDENCE OF POST-OPERATIVE ILEUS.
Reference Total number Total number of post— Total number of

of operations operative obstructions post-operative

mechanical and paraly- paralytic ileus
tie
Vangensteen unknown 288 195
1955 (13)
Zaccarini unknown 72 14
1955 (37) :
McIver 107 36 (29%) j
1926 (11) ;
450 27 (6%)

?;61. fzs)
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Table III.
THE MORTALITY OF POST-OPERATIVE PARALYTIC ILEUS.

Reference Total number Totel morta~ Mortality due to
of cases lity paralytic ileus
Wachsmuth 996 obstruc- 189 39 (4%)
1964 (35) tions
Weisschedel 14631 appen- 271 , 160 (0.1%)
1955 (38) dectomies i
Mlezoch 1269 obstruc- 317 20 (0.2%)
1961 (36) tions . i
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 low. It is vorth mention-
ing that most authors do not gquote their diagnostic criterias.
Observations are recorded in pure descriptive terms. The short-
comings of pure clinical considerations have been mentioned pre-
viously. As a result vhat little data is available is difficult 3

if not impossible to analyse. b



5. ANATOMICAL CONSIDERATIONS ON THE INNERVATION OF THE

SMALL INTESTINE.

Thanks to the electron microscope and the development of
staining techniques, in particular fluorescent stains, the un-
derstanding of the innervation of the bowel wall has considera-
bly progressed. New nervous connections and sometimes their che-
mical transmitter have been identified. The classical concepts
of zutonomic nerve supply of the gut have been revised as fol-

2
lows (G. C. Schofield 1968, Figure 1) 9,

1. Neural Plexuses.

4 mein plexuses have been identified:

a) The subserous plexus: the connections between the mesenteric

nerve bundles and the myenteric plexus of Auerbach travel
through this intermediary plexus. It consists of nerve fascicu-
li vith e few neurones sometimes aggregated in ganglia. From
there on to the myenteric plexus most nerve fasciculi follow
the blood vessels 2s in the mesentery.

b) Auerbach's myenteric plexus: this plexus lies between the

longitudingl and circular nouscle coats. The plexiferm meshwork
of fibers can be divided into three compenents: & »rimary one

which constitutes ithe main bulk of the nlexus znd contains nu-
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Pigure 1.
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THE INNERVATION OF THE SMALL INTESTINE.

N } Mucous membrane 4
Muscularis mucosae
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(After G. C. Schotield) 2.
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merous neurones, particularly at the mesenteric border; fasci-
culi branch off from the primary plexus to form the secondary
one; from there a tertiary plexus constituted by very fine un-
myclinated fibers ramifies between the smooth muscle bundles
of the longitudinal and circular coat. A portion of the myen-
teric plexus situated deep within the circular layer is called
"deep myenteric plexus”.

¢) The submucous plexus of MNeisspner: it is constituted by

neural meshwork of unmyelinated fibers and neurones aggregoted

in ganglia. Ganglia are most numerous in the smz2ll intestine.
The submucous plexus is connected to the myenteric plexus by

indirect paravascular connections and also by direct connecc-
tions. It sends minute twigs to the mucous plexus.

d) The rucous plexus: the fibers constituting this plexus eare

so fine that they are not identifiable with the light micros-

X . . . . 40
cope. They are in direct contact with the epithelial cells .

m

The classical view thot the sympathetic efferents are

postganglionic past the celiac genpglia end the paresympothetic

are preganglionnic and relzy in the myenteric plexus is no lon-

& o

ser tenable. There is 2 good deal of evidence that there are

2lso pregangzlionic sympathetic fibers represented in the bowel

wzll. Consequently the enteric neurones belong to both the £ ym-

-
. -

pathetic cnd the norasympethetic pothwars . These neurones

*
sl

motor neurones.
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in both intrinsic and extrinsic pathways. The latter consequen-
11y represents z functional distinction and not an z2natomical

one.

2. The extrinsic systen.

The extrinsic system comprises pre- and postganglionic sym-
pathetic efferents, vagal afferents and efferents, and spinal
afferents. Preganglionic sympathetic fibers have been referred
to above. Classically they constitute the splanchnic nerves.
These fibers synepse in the celiac, paravertebral or enteric
ganglia and are distributed to the muscle coats and the blood
vessels. There are cholinergic fibers travelling with the sym-
al fibers come from the dorsal wvagal nucleus in
the rhomboid fossa. The vagus has its own afferent system which
relays in the gaenglion nodosum. These afferent come generally
from the mucosa ard coils of varying complexity in the submuco-

sa. Spinal afferents are linked with enteric neurones vwkich pro-

. . 39 . . .
ject centripetally . They ere involved in =z spinal reflex arc

which receives probably also affcerents from the celice 2nd

=

other nrevertebrel genclic. Their functionzl role is unclear.

3. The intrinsic system.

K
H
3
)
i
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rents loceted exclusively in the intestinal wall. The peristal- ;

. . - . “ . :
tic reflex is mediated by these pathwzy . It involves a sys- i

ten of afferents from the mucose and the different layers arec

connected to excitutory arnd inhibitory pathways acting probably

in 2 reciproczl fashion. The exact luy-out is still corjectural.
This is discussed Zurther in paragzraph 7.



6. L0TQ2 ~CTICI &8 T SiiLL BOVEL.

Zarly authors hzve odserved 3 irypes of movements:
1. Segmenting controc
2. ZPendulum novements.
3. Deristaltic contracticens.

L segmenting contraetiiorn is a localized circumferential
42
controetion involvinz 2t the most 1 em - 2 cm of bowel .
They occur in irregulzr satiierns in 2 secuence of increased
end decreased activiiy. Zometimes segmenting contractions ap-
uler intervcls ot 2 maximun rate characteristic for
1
"13

2 given segment of intestime. Cannon called this type of seg-

menting activity "rhithimie contractions'.

The frequency; of the rhjythmic contractions vere studied
b*r R /'A’ 45 v b LAarinmAa T 1 3} - H 1 -
vy Alvorez who found that it decreased progressively

according to o gradient from the duoderum to the ileo-czecal

(]

valve. In the Jdog ~uency is about 18 rer min., in the
duodenur: and 12 rer min. in the distal ileuwn under physiologi-

cal conditions .

chk
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liss and 3tarling as the "Law of the Intestine": "...Since the

P

vhole act is evoked by the presence of the bolus in the gut,
we must say that the stimulation of the mucous membrane and
the streching of the walls of the gut at any point set up im-
pulses vhich are transmitted both up and down the intestine
and cause excitation above, inhibition below" 4. One can indeed
state this conclusion more generally, namely that, if cerebro-
spinal reflexes be excluded, excitation at any point of the gut
is followed by contraction above, inhibition and relaxetion be-
low. The presence of a2 wave of inhibition could not be con-

. . 47 L . . »
firmed by sAlvarez . feristalsis appears to be propagated fas-

. 3 . 43 . .
ter in the upper than in the lower small bowel . Peristaltic
rush is a strong contraction wave running down the entire length
of the smell intestine. It seems that the peristaltic rush is
an abnormal motor action which for example appears in late ago-

42
ny .

Similarly antiperistalsis has been the subject of conside-
rable controversy. There is little evidence that reverse peri-
stalsis occurs in physiological conditions zand there is no need

. . . R . 48
to inveke antiperistalsis to explain retrograde trensport .

The +villi themselves have been described as exhibiting pum-

ring and pendular novements together with tonic coniracticns.

Yillous motility is independent of ihe nusculeris muccsze. It

is zctivoted by neurzl sitimuletion. L hormone, Villikinin, hzs

i
“h
!
:
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mulzte these movements which probebly fa-

The motor cction of the bowel has been studied with & verie-

ty of intraluminal pressure detecction devices including weater

£illed balloons, open tipped catheters and more recently rzdio-

telemetric capzules.,

= 50 . .
1952) , using the open tipped catheter me-

<

L

et 2l.

u
0

Co

thod, described motility in man in terms of 4 types of waves 3

Tyre I waves are simple monophasic waves with an amplitude
of 5 cm - 15 cm I,0 and last from 3 sec. to 7.5 sec. !

Type II vaves are of similer shape, but of grezter amplitu-

iz 2n elevation in base

(=]
o]
:’:
o+
Pd
o)
]
Ly
0

Type III waves are comp
line pressure due to & change in tonusz. Cn this primery phenome-

nen, ty;pe I cnd IT wvaves cre superimposed. They last from 12 scc. j

Ty—e IV weves exist in the colon znd the distzl ileum.

moderate elevation of ,ressure (appro-

In the smell bowel only t;7pe I and IXT sweves ere detected :
)0 e 4§ arq - - 4 2 = P 33 Fa R \;
. T;e I cetivity rezresents ehout 957 of the metor zetivit, 3

[y

Zesic rhythm oor rhythmic controctions reuresent o orore motility

PR A PR - 37
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Figure 2.

THE PATTERN OF INTRALUMINAL PRESSURE WAVES IN MAN.

=0 L

(After Code et al.) 50.



Correlation between the pressure waves and radiologic pat-
terns iz not a completely settled matter. Fluoroscopic studies
show tﬁat tyoe I waves correspond to segmentinz contractions.
Type IIZIT apd IV cre probably propulsive 51. The type IV wave

leal pump” emptying the ileum.

s been referred to 2s an "i

vidence thet segmenting contractions may repre-

+]
oy
o
3]
Q
[ N
w
(6]

jay

(&}

er stationary or propagated waves. Conmseqguently, peri-

-

it

()

o+
8]

n

[}

telsisz, in the sense of a propagated wave of contraction, is

not necessarily correlated with the transport of chyme 52.

1%}

In the dog's small bowel, Reinke distinguishes 3 general

pautterns of activity: basal, bursts, and an intermediate type

(PFizure 3). The three types are found in the fasted dog when
baszl cetivity dominates and the remaining time is shared bet-

ween bursits and the intermediate type. In the digestion state,

the intermediate type predominates (8075), the other 207 consis-

ting of bhasel zetivity. The three types can be z2lso classified
in terms of type I (basal =activity), type II (intermedizte),

e

and type III waves {bursts). The intermediate activity is a
sociagted with a2 mixing cnd propulsive function, while the bursts
represent more clearly propulsion. There are considercble va-

rictions in the conitroctile potterns among different dogs, each

enimcl having retber on individuel behavier .
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THE PATTERN OF INTRALUMINAL PRESSURE WAVES IN THE DOG.

Burst ——ro. e lliL,.... b, ] 50%

intermediate MAMWWM

Mmtes

(After Reinke) °3,




7. XERVQUS CONTROL OF XOTILITY.

Ixtrinsic Resulation.

—
S|

»
~—

Inhibitory.

The irhibitory effect of discharges from the splanchnic

nerve has been documented by inumerable studies since Bayliss

1 Q 2 Q J
and Starling's basic work 6, 7, 8, 9, 13, 19, 20, 23, 29, 54,

~

S 5 5 0O 2
55, 53,56, 57, 58, 59, 60, &1, 62 5.i the mechenism of inhi-

bition is still subject to controversy. The intimate conncc-
tion between the srlanchpnic nerves and the intrinsic elements
is still deboted. Histochemical studies heve demonstrated con-

nections with the myenteric plexus where even adrenergic necu-

63 .
rones are present . They may act by depressing the release

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

-

”

tor junction. This view finds support in the work of Szerbdb

who blocked the inhibitory response with atropine (Figure 4).

Celander is of the opinion that the inhibition is mainl;

sccondary to vesoconstriction and to & direct effect on the

smooth muscle due to "overflow" of the adrenergzic transmittor.

n

-, B0 . R . s
~ock cn the contrary claims that so-czlled "overflow™ inhi-
o

34

o

bitiorn iz oan artefact due to high frequency "non physiologi

(1}

timulztion of the splanchnic nerves. At o ghysiclegie reng

e peesy

(4]

R AR i)
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Figure 4.

NON-ADRENERGIC INHIBITION.

ACh?

0

P 4
i

Non-adrenergic inhibition

(After Kosterlitz)
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of stimulation of the splanchnic nerves inhibition appears with
considerzble delzy, unusual for a mecharnism of neurogenic natu-
re. The inhibitory response is not obtained in the absence of
the adrenals and consequently he believes that the hormonal
component of the sympathico-adrenal axis has precedence. Hiatt
casts some doubts on the role of circulating adrenzlin es the
cuse of long stonding inhibition: the response following intra-
venous injection of zdrenalin in the experimental animel is on-
17 of short duration and does not parallel blood level varia-
tions. Further discussion on the mechanism of action of zdre-
nergic inhibition can be found in perazgraph 8.
The splanchnics contain a certain number of cholinerzic

inal za2ffe-

¥
>

£ibers belonging to the vagus. They contain alsc s;

L

rents. This fact explains the unreliability of direct electrical
stimulation studies. Controversy exists over the possibility of

senerating antidromic impulses by this method and consequently

&

6 5
52, 67, 68, 9. The results arc influenced by the ini-

rtefzet

%]
[b]
tn

ial stete of activity of the intestine. If inactive, snlanchnic

(e

stimulation is followed by an increased motility, if active,
G2

. e g iy . . R
then inhibition iz observed .

An iptestino-intestinal inhibitorz reflex has been deceri-
14, 7C . . .
bed by Zoumens " ? whereby distention of 2 segment of intes-—

iine czuses inhibition of movemenis of the entire smell intecti-

flex is »robably medicted by sy
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Section of both the splanchnic nerves and pelvic nerves is ne-
cessary to block it. It is a proprioceptive spinal reflex. A
decentralized reflex through preaortic ganglia has been sug-
gested but not confirmed. The intestino-intestinal reflex is
under the inhibitory influence of supraspinal structures loca-

ted in the rhomboid fossa 71.

A gas?ro-duodenal inhibitory reflex has been described by
Daniel and ¥iebe 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 when the duode-
num is distended or contracts intensively. This response is abo-
lished both by chemical sympathectomy and by bilateral vagotomy.

Vago-vagal reflexes control inhibition of the stomach ini-
tiated from gastric receptors sensitive to pH and stretch 73,
74, 75. The vagus contains afferent fibers from intestinal me~
chanical sensors 75. These are possibly involved in an entero-
gastric reflex whereby distention and chemical irritation of

the intestine causes paralysis of the stomach 48.

b) Stimulatory.

The vagus nerve is referred to in most text books as play-

ing a major role in stimulating motility and maintaining an ade-

i g s e R
BN A PR L



quate intestinal tone. If this holds true and is well documen-

ted for the stomach , the paucity of the data concerning its

v

']

noior acticon ot the level of the small intestine reflects how

suzzling the guestion is. Jtimulation studies revezled general-

A
1, enuivocal responses. 3Bayliss and Starling observed firs

pas

ar inhibition followved by gradual increase in the number of con-
trections. This wes most marked after withdraval of the stimu-

us. liore reccent work showed that the bosic cetivity of the in-

1=

testine wvas of importance in the response obtained as in splan-

chnic nerves studies. . stimulcotion is obtained in the resting

62

intestine 2nd an inhibition in the active bowvel . Following

Taik 76

vezotomy in the dog, Faik could find only scme slight delay
ard decrease in the 2eeding reaction. The peristultic waves
were less in number, of shorter duration and occurred zt longer

[YIRE

interval of time. Zoss, using the radio-telemetric capsule,

could only find slight changes in the motility of the smzll in-
testine in patients 2fter vagotomy. These results point to the




the cingulate gyrus and the insula are associated

A8, 77
with an increcse in gestric motility > "', The role of emo-

tions on the motor functions of the raestro-intestinal truct

<

and mechanisms zre not

he Zeristaeltic Reflex.
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lex is a mucosal rellex as it 1is a res-~

iczlly using diffe-

d-

rent cutonomic and central nervous system tronsmitter blocking

a6, 73, T9

noents or by transnmural electric stimuletion in con-
. . . . 3¢ . . »
Junction with pharmocologic coents The reristaltic reflex

czn be ebtained by radicl stretch or the azrilication of acid

81
entc il wmuceosc . The exzet location of these rece-tors is
rnet Tmewm, but the tiny nervous twigs reluted to the nucese are

2l of ithe nucous nembrane, local aneno-

cececcine intraluninell: =2t 2 concentra-

-
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ticn ol i end osshznia abolizii the rellex in the suineo i
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on of the mucosz and submucosa. 3inilaor-

o
o

W

escribed the -Hrocres-—

foT)

and Ilcllenzice

es which unaveidebly offect the mucesz after adbout

sive chang ik
30 minutes in the in vitro bath, These chanzes consist of pro-

cressive sheading of? of the mucosal cells and are simileor to

'-Jn
el
je
2]

the observations made in this leboratory in tryptic enter

02 the dog after hemorrhacic shock {see peoragrarh 11). This
process wae not associaoted with any disturbence of the neri-

Zlicivotion of the reflex ccuses contraction of the longi-
tudinzl musele vhich is follovwed by contraciion of the circular

muscle., The controction of the longitudinzl muscle has 2 compo-

nents: o graded response to subthreshold stimuli and a2 maxnimel
" T s . (s 34 ..

resnonse to above threshold stinmulation (Figure 5) . Zoster-

litz estimeted thot the contraction of the lonzitudinal muscle

dces not trigrer the one of the circular muscle as he wa2s able

te bloei ihe former with high concentrotions of ccetrylcecholine

RV EN L 0 R ] 3.4 ~ €8 ” b 3 b}
without alfecting ihe latter. Tontraction of thie circulor mus-
i - T o1 T - .y h 1. - £ b - - Al P
cle coull be blociiel with hexomethoniun ond e cssumed thet o
54 [2 ¥ o

- . - - - - e 4 (8] - - -

chalinoceo-~1ive mochenisn wos involwved 197, llotterodn did not
- I id n

-y g " 1Y - g 35 . 'y IS -~ -— 2 . PP ~d S e T

conlirm these Pindingo, In hiz experirents, couxizl zilimulation

=~ T2 ~ - - g . % T - .- o~ S - -y o -~ -

T2ile cme lgyer conircets, the other reloues or remcinz fuiescen

The mlimulotion threcshols wos found to Le Licler Tor fthe cirecu-
C » oiret
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THE POSTULATED CONNECTIONS INVOLVED IN THE GRADED AND PERI-
STALTIC REFLEX,

Graded reflex
ACh

- o—(

ACh
—O)r—e0—
ACh

Peristaltic reflex

(After Kosterlitz) 4.
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The laotter was follewed by reflex active relaxation of the lon-

4

itudinal muscle (Figure 6). The circular contraction anveared
2lso to have 2 components: first the reflex contraction just
described; secondly, a delayed contraction could be observed 22—
h frequency stimulation. The significance
o? the latter is guite mysterious. Xottegzoda concluded Prom the-

se observations that one coat modulates the activity of the

transmissic

3

other. Ze could not find evidence of cholinergic
80

to the circular muscle It is not within the scope of this 2

'h

i

’_a

presentation to zo into the al of the nharmacolocicael ox-
=1 P o

perimentations attempted to clarify the nature and role of the
different neurctransmitters involved. Presently only the choli

nergic nature of the excitatory pathweys to the longitudinal mus—

. . 8¢ .
cle is cleerly estaeblished . The other {transmitters zre h;mo-

Pad

theticel. The neuroeffector junction itsel? is not of the s;map- :

39 !

s of conjectural nature .
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Pigure 6.

SUGGESTED INTRAMURAL NERVOUS CONNECTIONS EXPLATNING THE RE-

OTHER.

i Submucous  Circular Myenteric Longitudinal
Mucona plexus muscle plexus muscle

SR

(After Kottegoda) 20,
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ZOIRIONAL

CONT20L C¥ I.CTILITY.

Inhibition.

-—)

EZpninephrine.

Zpinephrine has be
te irhibition of intest

nously to vertebrate
intraluminally into the

rigtaltic reflex has be

other cetecholamines is
1. Action on the i
level adrenczlin would i

ncurones z2nd neurceffec

animals.

cen krown for years to induce on immedia-
inal activity wken 2 nistered intrave-

It hes no effect when administered

cut 6. Aérenalin inhibition of the pe-

en repeatedly demonstrated in the rabbit

most commornly used animals for in vitro

78

field . The cction of eninephrine and

rpossibly three-fold:

ntremural ganglionic anparatus: at this
nfluence scetylcheline release from the

L4
. . 6
tor junction ’

in parcgraph 7.

2. dtctiorn cn the smooil muscle itself: the mechaniss would
involve con hygperpolerisation ¢f the cell membrane due to in-
crecsed notassium cosnductance. The rmocemzker motentizl is zlso

¢2, 37, 88
suszoressed ? ’ . The zresence o2 coleciun is recessary Zor
these phenomenz to teke plaece. Ther are prebebly not relided
to the stimulation o ~hosphorylases znd 3'-3° eyelic U5 ceonze-
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89, 9C .

cutive te odrenzliin . The precise mechanism of inbkibiticn
iz presently not understood.

3. Action cn the blood vessels: catecholemines couse 2 vo-
zoconstriction. The relationsiins between motility arnd blood
Llow ore nresented in paragrarch

9.
The noture of acdrenergic intestinal recentors has been the

subject of much controversy. The type and Function of the re-

ceztors vary depending on the intestinal level and species. The

stomuech and ilcum of the dog. seem to contain exclusively inhi-
bitory alphe and betz recepiors while the duodenum is believed
he inhibitory end bote excitatory recentors

. In mean not only is the distribution and noture o? the ro-—

tumours do not have perzliyiic ileus 2s 2 rule and even digrrhen

93
hes been rejoriced . It iz of interest thet adrenolytic drugs :
. - R 10
hove heen uszed in the trectment of elinicel peoral;tic ileus 7?7 i

- 7 2+ - v 4 =4 . . Fed ~ 3= -~ & ~ 3
. ssosterlitz postuloted the nresence of alzhe recentors in :
i
4 R ) h ety oy < b b PR | 11 - =~
the Intromural nervous siructures while the nmuscle -roul cs-
Ql

rnos ovelusi=rol-s $Yp hHetn Lo T LAt tale) 7) T Anea 3 - A 3
P N RCLUs Ly v.1C JCTLS vy o © L_..ull..— J e wnergaese 1n PraS it ¥

b . d 3 K A n oL - e Yo - 2 4.3 L .- s e Y

Do elfect, Lbolition of fthe pocemilizr zotenticl rould He o he- :
e :
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v elloct, The relotioncshiaszg betuween both t,Les 62 reeczlor:
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ADRENERGTC INHIBITION.

(After Kosterlits) 84.



inhibition is concerned.

b) intidivretic Zormone.

"

Prior to the advent of nazso-gastric suction »ituitrin wes
frequently used in the treatment cf peralytic ileus. It was
thouzht to have excitatory influence similar tc that scen with

smooth muscle of uterine origin. Zlecent experimental studies by

feet . These authors attrivbuted alse to -DE 2 role in "coordi-
nation” of intestinel motility. The nrecise mechanism of action

is not understocd but inference from some work by Wedlington
4

o}
. - . i 7
points towerd 3'-5' cyelic &P .
¢) Zlucocon.
Lxperimentel vork by Zock (1967) hes suggested z2n inhibi-
tory effect upon intestinal activity Pollowing injeection of

sluczron., Onece agein recent situdies on the mode ¢? zetion of
g Tt iae Smemddnate At st nsn s 95, OF
this polyvertide incriminate 2°'-3' cyelic AMUIF .

1) Zrestsglandins.

Jreztazleondins I, anzear to have an inhibitery ceiicn uton




. . A 8 . . . . s
intestinal motility o7, 9 . They have been incriminated in the
mechanism of excitation-contraction coupling of the smooth
muscle and might be released following contraction of the smooth

s s 98
muscle itself or sympathetic discharge 7.

e) Sceretin-Pancreozymin.

Pancreozymin and mainly secretin have ar inhibitory action
on the rotility of the stomach. The mechanism is largely un-
known but it is postulated to be related to the "enterogastro-

99

ne' complex .

2. Excitation.

a) 5-Hvydroxyvtryntamine.

5-4UT7 applied on the muccsa of the intestine facilitates
the elicitation of the peristaltic reflex in vitro. .ipplied on

ffect is more transient and is fol-

the serosa the facilitation e

. vy s 78, 170 .
lowed by complete abolitionm ’ . In vivo the effect is mcre
marked after intraarterial then intravenous injectiorn. The sti-

muletion is usuelly followed by an inhibition o

It was suggested that 5-IT wes responsible for sensitizetion o




tions by Hukuharz (1960) i

3

diceted that 5-ET is nrobably ot

necessary for excitation of the mucosal receptors as the peri-

staltic reflex was meintained despite specific de-sensitizotion
e 301

to 5-IT ‘77,

2 mass spasm when injected introerterially end 2 verieble motor
3

response vhen given intravenously . It probebly acts on the
movements of Ca’'’ at the level of the excitation-contraction
. 102
mechanism .
¢) Bradykinin.
4 s rp .. . . 86
Bradykinin has effects very similaer to histamine . Other
(%] Ev

vorkers observed o depression of veristalsis with bredykinin in
1

vitro whether it vwas applied on the mucosa or serosa .

d) Substance P.

(53]

ubstance P administered
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the serosz it inhibited the peristaltic reflex . Substonce T

s involved 2isc in stimulation of the villi .

Jde

Castrin I and IT have a wezl stimuleting action on the mo-
tility of the small intestine as demonstreted experimentally in
0

o]
the cat and nan . This 1s possibly a cholinergic eZfect.

llultinle other polypeptides such as 2ngiotensin also have a sti-

mulating effeect on the smooth muscle of the GI tract. I'rosta-

zlondins 31 and T zre also among recently studic@ excitatory
o7

substances 7.

?) Thyroid Zormone.

Myxedeme is often associated with 2 decrease in motility

h paralytic ileus. Zeciprocelly dicrrhea

%)
[
[
[1¢]
¥
©
]
1]
Q
i
(&)
cth
120
3
w0
t
He
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uent presenteiicn of thyrotoxicosis. The intestinal
mechanics cf these disturbances have net been clearly znalyzed.
Similorly the mode c¢f acticn of the thyroId hormeone on the necu-

. . . . HE
re~musculor a2 .orzius of the intestine is unimewn ' 7.

H
+
t
'



z) Adrenal Cortical Hormones.

R e e er a2

Adrenal cortical extrzcts enhance the peristaltic activi-
ty of the smell intestine ir the rabbit, doz a2nd human at low
concentrations. At higher concentrations an inhibiticon is cbser-~

T w3 c v ] . P D 112 :
ved. This mizht be due to the action of mineralo-corticecids . i
OCbviously very little is known zbout the matter and further stu-

~

dies are needed.
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9. INTISTINAL BLOCD FLOYW ZBGULATION.

The mucosal blood supply of the intestine is considerable
in order to satisfy the enormous metabolic requirements essen-
tiul for normal absorptive and secreting functions. These 'ex-

o

chenge vessels" exhibit in the intestinegl villi e perticular

lay-out which has been postulated to present the properties of
. . 113, 114 .86 .
z countercurrent mechanism (Figure 8) ’ . b fractiona-

tion technigues have shown that in the rat the duodenum has the
higchest functional perfusion rate per unit of tissue wveight with

o

royressive decrease in functional flow from Treitz's ligament

™
-

tc the colon in accordance with Llvarez's metabolic gradient
=

13. The flow through the mucosal, submucosal and ruscu-

theory
laris beds is regulated by precapillary and postecapillery resis-
tance sections exhibiting the properties of autoreguletion (Pi-
zure 9). In the dog 2/3 of the blood supply is directed toward

the mucosa 2nd 1/3 to the rest of the bowel wall. The autoregu-

latory mechcnism consists of a myogenic reflex and of a sympa-

thetic zxon reflex with receptors on the arterizl side and oP-

fectors on the vencus side. The mechanism is activeted iwhen
blood Pflow decreases or wvhen tissue eanoxiz supervenes irrespec-—
. 116, 11 118 19 .
tive 02 the czuze "7 7 » 1 . The sympethetic centrol
» z . . . i2¢
ol cuiorejulation has been extensively sztudied by TPolkow .

.

Continued sympathetic discherge cezusez an initiel inerezcze in



Figure 8.

THE COUNTERCURRENT MECHANTSH.

COUNTERCURRENT EXCHANGE

of easily diffusable substances in the

(After Polkow) 114,



s fol-

e

vascular resistance with a decreased mucosal flow. This

-4

loved after a time by 2 decrease in vascular resistance owing
to an "autoregulatory escape'. The blood passes through low
resistance cubmucosal channels and is shunted awzy from the mu-
cose due to persistent vosoconstriction of the mucosazl vessels
owving to o specific distribution of the alpha adrenergic recep-

Y,

tors. The countercurrent mechanism imnlies a2 short-circuit at

creases the blooed flow at the tip

(PR
tt
et
1o
o

1]
b‘
M.
o
jny)
Ny
@

the base of the v:

b d
1

of the villi, thus delzying absorpntion and offsetting the osmo- :

tic problems assccicted with this function. In ischemic condi-

ticons this mechaonism appears to reinforce the detrimental in-
Faied g 1" 1" : ? 14
fiucnce of the "autoraguletory escane" action .
The segmenting contractions of intestinal activity are as-
sociated with & reduction in arterial flow and an increase in
. s . 21 .
venous outflow. A positive pumping effect results . Tonic

< -~

contractions on the contrery can interfere with this pumping p

elfect to such a decree as to eliminate it completely. EBut ow- i
ing; to valvulor disgositives in the veins drzining the submu- !

cous ;lexus, there is no reflux of blood.

The effeet of grzeous disteniion uvior blood flow of the
- \ - N ) . 12, 122, 123, 124
intestine haos been studied veor: extonsivel, ’ ’
n~-,-5
"T7. Zyen low levels of increcsed intrzlumingl ressure {27 eom
- A T AR 4 a3 - Y -, ~ - ey e 7 oy
L0 - ¢ 1.2), if maintazined, ore z2ble teo couse perfusion ;
2 2
. . . Qo
o7 the intestine. lecent siudies in dossz with r”




- 46 -

THE SITES OF AUTOREGULATION.

INTESTINE INTRAHEPATIC
FLOW RESISTANCE

Mucosa

")i l
Submucosa ]l ‘ ' o B >

T,
Mesart, QI/VV

0 Mes.-portal

vein

Muscularis

Small (JJ and lorge ////] adjustable resistance
—— sphinters

—.— capacitance
T=——= —"-  caopiliaries

(After Polkovw) 114




- 47 -

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 bowel wall

are responsible for an increase in ischemic susceptibility from

duodenum to colon, the antimesenteric border being particularly

sensitive 12.

The motor behavior of the small bowel, as well as being ca~-
pable of influencing blood flow, is also reciprocally influenced
by the blood flow. The consequences of hemorrhagic shock have
been the subject of conflicting reports. Inhibition of gastric
and small intestinal motility has been reported by some workers,

127, 128, 129 Post-

vhereas others have observed a stimulation
mortem contractions have also been described, lasting a few 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 activity immediately after arterial clamping

131, 132. In the rat the

or during hemorrhagic shock in the dog
relationships between the severity of ischemia and the propulsi-
ve motility are such that a moderate ischemia is associated with
accelerated gastric emptying and increased intestinal propulsi-

ve motility, while a severe impairment in flov results in a mar-

ked delay 133. Though the stimulatory effect of moderate or ini-



sharmzcologic cnalysis by Shehadeh could not drew any parcllel
betizen the vasoconstrictor or vasodilator zetice
druzs and their effect on motility. Thus acetylic

tor, znd angiotensin, o constrictor, are both zsscciated with

tion o2 motility. Cn the other hund, nor-eyimephrine,

2 zvinuls

& comsvtrictor, and »rosteglandin L., o dilater, were associated
. e vsaisgs 97

with an inhibition .
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Figure 10.

A PATTERN OF JEJUNAL ELECTRICAL ACTIVITY IN THE DOG.

CAUDAL DISTANCE (cm)
FROM LIG. OF TREITZ
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gradient was not a regular progressive decrease. The phenomenon
occurs as & succession of different plateaus of frequency. The
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 waxing and waning. The zones of waxing and
waning and consequently the pacemakers are subject to shifting.
The isolation of segments of intestine of different levels is
followed by a drop of frequency in all the segments as if they
were formerly driven by the higher frequency of the segment lo-

139

cated immediately above . Bortoff has compared the intestine

to series of interconnected oscillators set at progressively de-
creasing frequencies. This model shows that the zones of waxing

and waning correspond to the area of interference between two

oscillators 142. The practical consequence of this observation

is that section and anastomosis of the small intestine are accom-
panied by a drop in frequency in the distal segment. This is
permanent in the dog 141, 143, 144 The drop at the duodeno-je-

Junal junction after section and anastomosis is from about 18 -

145

19 cycles per min. to 13 ~ 14 cycles per min. . Electrical

activity is metabolic dependent 146. The BER frequency is conse-

quently decreased by cooling and increased by heating 14.
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Tuktubhara (19561) deseribed a procedurce to destroy selecti-

vrs

1y the enteric neurones. Ze perfused loops c¢f intestine with

non-oxygenated Tyrode solution for 2 -~ 3 hours and observed his-

aneration of the neuronzl cells. ipperently the

not affected by such 2 procedurc and he concluded that

1A
[Rfe]

the slowv waves are essentially myozenic in origin . Szurszew-
slii repented this type of experiments but wos not able to con-
Zirm completely the findings of Iukuhara. Te observed a 707 de-
ceneration of ganzlion cells after 4 hours of Tyrcde perfusion.
iro» in freguency ensued and he formulcted the hypothesis that
the intrinsic nervous pathways mizht heve 2 role in the meinte-
nance of the level of excitability of the smooth muscle cells

by the constant production of ccetylcholine. e observed a2lso
vhzt destruction of the nervous zlexuses led to aun anerchic pro-

The intrinsic plexus seems consequently essential for

0

B o o4t ard o3 3 - R - + wrd o
b} Sole of the extrinsic nerves on electrical zetivit,
e 3 P - M — 2 3 4% T : 3 - b

Zxtrinzic nerves have no zeiion on the 250, Ltimulation of
P A = | P S et rr v e - -y -l N e 43 bed -4 P
itoErmpathetic cnuses hpperpolaricoticon ond ceszoticon of niikes,
A S . ~ - = 3 5 - S P S lad b - - . Y
ile deelorication and initiaticn of c;ikes follow varnl sii-
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centrations of Za ' and X have 2 stimulztory action, probably

through the liberation of acetylcholine. Cther svudies om the

tzenia coli strin haove shown that the resting potentizl is main-
1y dependent on I fluxes; spiking corresponds to entry of Ca'

. . . . .+ 153
olurisation is dewendent on the extrusicn of 7

‘hile rep he
154 e

Thouvenot znd lougerezu have been interested in the ef-
fect of the intraluminel content on electrical activity in the

rot. Glucose, cother suzzrs, as well as LTP, cause an increase

in tonus together with the appearance of 2 slovwly propagated
: 2 V- 1 : > s T S A 4 ] 551
strip of hyperpolaerisation, which they called "A" shenomenon

dele
C2'" in tke bhath of in vitro experiments or by perfusing with

. . PR . . )
hisher concentrations of Co cn in vive ureperation. They con-
cluded that the mucecsal zctivity can influence ion digtribution
. - . . i .
in the subnucosc and in the musculeris. Co is an cscsentizl

L y » b 42 " . ey 159
dcterminant of the contractile phenomenon itsell .
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Figure 11.

ELECTRON MICROSCOPIC VIEW OF A NEXUS.

Cytoplasm

Cytoplasm

(After Dewey, Handbook of Physiology, Sect. 6, Alimentary
Tract, Vol. 1V, American Physiological Society, washington D. C.,

1968 ).
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by hyperosmolar solutions and as a result the electrical acti-

. . < . 160, 161 .
vity becomes desymnchronized and anarchic ? . 4 nexus is

represented in figure 11.




- 58 -

11. LESIONS OF THE SHALL INTESTINE ASSOCIATED WITH REDUCTION

IN BLCOD FLO¥.

The intestinal mucosa is very sensitive to ischemia irres-
pective of the cause. Undoubtedly the particular anatomiczl and
physiological properties of the blood vessels of the villi,

i.e. the countercurrent mechanism, are a2 major contributing
elément in pathogenesis. Such lesions possess 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 extemsively studied in this laboratory

where their microscopic azppearance has been classified zccor-

ding to the desree and progression of the demage as follows (Fi-

gure 12) LI
Grade O ¢ Normal mucosal villi.
Grade I : Edema and hyperemia. Eventually minimel subepi-
thelial vesiculation at the tip of the villi.
Grade II : Discrete lifting off of the epithelium from the

lamina propriz at the tip of the villi forming
the so-called Criinhagen space. Capillery dila-
tation.

Grede III Zxtensive shedding off of the epithelium fronm

the tip down to the side of the villi.

Grade IV

Completely denuded villi with leminz propria
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e 12.

Pi

THE MUCOSAL LESIONS CONSECUTIVE TO‘MDENTAL ARTERIAL

CLAMPING.

(Atter C. J. Chiu) 162.
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(1]

end dilated capillaries exposed.
Grade v : Digestion and desintegration of the lamina prd—
pria with hemorrhage and tulceration.
This sequence of‘events can be followed in the dog during
the course of experimental hemorrhagic shock or superior mesen-

teric artery clamping, proving that they are not 2 microtome or

163, 164

Pixation artefact as was thought in the past . They ha-

ve also been described in dysentery 165, following'hypothermia

166, cardio-pulmonary by-pass 167, and in vitro preparafions_of

the guinea pig ileum as an unavoidable concomitant of this type
of experiment 83. The mucosal changes have found their clinical
counterpart in a wide range of conditions associated with impair-
ment of blood flow or hypovolemia running the gamut from acute

. s . s o 168
post-operative enterocolitig +to congestive cardiac failure )

169, 179, 171, 172, 173, 174, 175, 176, 177, 178 The fact that
these conditions are often associzted with "stress ulcer" and
parclytic ileus is of particular interest. The suggestion by Fol-
kow thet sympathetic activation and nor-adrenalin esre important

fzetors in mucoszl blood flow diversion provides a theoretical-

1y attractive pathogenetic link between the two conditions and

s s . . 114
is in thiz respect very appealing .

ntestinzl chyme is of major importaence -in the pethoge-

Pote

The
nesis of these lesions. The injury to the epithelial cells al-

reedy metabolicelly denressed by the ischemic process is favored




by the intraluminal presence of powerful proteolytic enzymes

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

can be prevented by pancreatic duct ligation, trypsin inhibitors

s . - . 180, 181
and by the administration of an elemental diet .

The renewal of the mucosal epithelial cells of the small
intestine is usually complete within 24 - 72 hours in the mouse

4
or rat 182, 183, 18?, about half the time needed for the same

process in man 185. 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 atrophic cuboid epithelium within 24 - 48 hours following

* . . . . 62
shock or superior mesenteric artery occlusion .
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12. TZZ PATECPEYSIOLOGY OF POST-OPERATIVE PARALYTIC ILETS.

The secuence of events leading to post-operative non mecha-
nical obstruction can be divided under 2 headings:

S The factors leading to distention.

2. The effects of intestinal distention and the vicious cir-

cle initiated thereby.

1. The Pfactors leadinc to distention.

Sxperimental znd clinical observations have led to 3 main

theories of pathogenesis:

i) Sctual paralysis or mechanical hinderance of motor acti-

vity.
ii) Xeurogenic mechanism.
iii) Humoral mechanism.

i) Paralysis or mechanical hinderance of motor activity.

Zarly authors suggested that a pure paralysis was the cau-

. . . ‘ . -
se of post-operative paralytic ileus . The paralysis was belie-
3, 1

8

ved to result from circulztory disturbances or due t¢ in-

18 i 21, 188 .
flemmatory 7 end toxic factors ) 18 . Peralysis as such, a4

e
.
Y
.

the inability of the intestinal muscle to conirazct, has not been
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showvn to play any role in paralytic ileus and is widely rejected
as an etiologic factor 7, 8, 9,10, 59, 189.

lechanical Pactors such as.ﬁicro-adhesions and fibrinous
peritonitis were also suggested by Xocher 3. Except in cases of
frank adhesive mechanical obstruction, this explanation has butb
little credit nowadays. More interesting is the concept of ga-
190, 191

seous dilatation eas a cause of paralysis . The overstre-

tched intestinal muscle is unable to cope with the greatly in-
creased intraluminal pressure in accordance with the Laplace law.
In this way e "paralysis" results. The clear understanding of ‘
the méchanism of distention has been complicated bj the extre-
me difficulty in reproducing distention in the laboratory:animal
192

. Intestinal gas has 3 sources of origin:

2) Permentation inside the bowel:

Gas forming decomposition of the intestinal contents hes
been the subject of considerable study by early German writers.
Diets rich in liquid carbohydrates are of particular imporitance
in this respect. But the amount éf ges formed in this way is
highly wvariable and depends on the general condition of the sub-
Jject, the amount of fcod ingested, and the state of secretory
and ebsorptive activity of the intesiine 192.

b) Diffusion of rac freom the blocd into the lumen:

Gas exchenge tzkes place between the blood and the intesti-

nal lumen on the basis of chemical difPusion gredients. Beczuse
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of the high partiel préssure of nitrogen in the air and conse-
guently in the serum, it'is poorly 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-
tent. If hydrogen accumulates volumetrically significently in
the gut as a2 result of food fermentation, a diffusion of nitro-
gen from the blood will consequently take place until the egui-
librium of the partial pressures is reached. This process is
enhanced by the poor absorbability of hydrogen 192. This same
mechanism is responsible for the distention produced by the use
of anesthetic mixtures rich in nitrous oxyde and ethylene. A si-
gnificant degree of meteorism was obtained experimentally in

dogs in this way by Cuniy 193.

c¢) Swallowed air:

The fermentation process is responsible for no more then
30% of the accumuletion of gas in the intestine. Dog experiments
have demonstrated that the remaining 707 is due to swallowed -
air 13. Belching further increases the amounf of air swzllowed:
es the amount retzined in the stomach is bigger then the volume
burped. The practice of mask anesthesia is another significant
contributory factor 57. Despite the experimental and clinical
evidence in favour of gas retention as e czusative factor in

post-operative ileus, its importance is somevhat lesserned by the

recent demonstretion that eir is normelly trensported in the
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26. It is also readily

small bowel in the post-operative state
obviated by the use of nasogastric suction, thus pointing to-

ward the contribution of other factors.

Neurogenic mechanism.

He
He
N

The presence of an inhibitory reflex mediated by the sympa-
thetic nervous system following laparotomy, manipulation of the

visceral organs and peritoneal inflammatory conditions has been

v 54
supported by ample evidence in the past 6, 7, 13, 20’ 23, 29, 54,

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

inhibition have been amply discussed before and need not to be
repeated here. But it is important to emphasize that, from an
experimental point of view, both the purely neurogenic and the

60, 86. They

L

purely hormonal inhibition are of short duration
are conseguently not completely satisfactory explanations. Fur-
ther, in normel circumstances the sympathetic system has been

demonstrated to have little influence on intestinel motility 194.

iii) Bumoral mechanisms.

This is believed by the CGerman schocl to be a2 major deter-
minaent of the "ileus sickness". O0f the verious hormones zdrenz-

lip has received most of the zatterntion znd is claimed to he ele-~
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vated up to 3 times the normal in the full blown ileus 02 33
60, 65. The role of the other amines and polypeptides is still
unclear in the clinical situation. But recent experimentation
suggests an action on the transport of electrolytes across the
membrane of the smooth muscle cell which consequently affects
excitation~-contraction coupling (see paragraph 8).

The importance of electrolytes and fluid balance in post-
operative paralytic ileus is well known to the clinician. Po-
tassium deficiency was demqpsﬁrated to cause adynamic ileus in
the dog by Streeten 18. This.observation was confirmed 5y cli-

195, 196, 197

nical experience . Following trauma and operation,

potassium excretion is increased, presumably on the basis of

198. However the significance of potas-

aldosterone stimulation
sium loss at the level of the smooth muscle cell is still poor-
1y undertood. D&niel did not observe any merked z2lteration of
the electrical activity of the intestine following arterial per-
fusion with potassium deficient solutions despite marked modifi-
cetions of the cellular electrolyte content 152.

Hagnesium deficiency has also been shown to cause paralytic
ileus 200. Magnesium excretion increases as a response to surge-
ry in a pattern similar to potessium, but the amount lost is
not significazt from the point of view of the overall balance.

Cn the other hand the deficit due to ckronic gestro-intestinal

fluid less can lead to 2 significent deficiency if the intake
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is reduced over a prolonged period of time 201. Opde eStablished;'
magnesium deficiency can perote intracellular poﬂaséium defié
vciency 202.>Hypo¢agnesemia is also moét of%eﬁ found 'in hyjopa;
rathyroidism (#here the hypocalcémia unmasks the symptoms of
hypomagnesemia), multiple transfusions of citrated blood and in
201, 203

acute pencreatitis . Magnesium hes been cdemonstrated in

vitro to be required for the elicitation 0f smooth muscle contrac-
tion ﬁy ATP 204.

Potessium znd megnesium deficiencies occur usually in the
course of multiyle‘élecfidlyte unbealance, but according to the
presentvly available evidence fhe other ions‘are not as intimate-
1y involved in the genesis of paralytic ileus.

inother postulated humoral factor is a defect in acetylcho-
line synthesis following surgical trauma. 4 relative deficiency

in panthothenic acid has been the most popular explenation 205,

206 Panthothenic acid enters in the composition of CoA which

is indispensable for the process of acetylation. Looking at the
problem from another approach, Wekselman showed that strips of
dilated stomach were less respoansive 10 2 givenidose of acetyl-

choline.z07
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2. The effects 0f intestinal distention and the vicidgs cir—

cles initiated thereby.

Once distention is established by the conjoint action’of
zas accumulation, sympathetic reflex inhibition, liberation of
catecholamines and other inhibitory hormones, the chain of events
leads to a vicious circle vhich not only maintains and increases.
distention, but also results in a systemic deterioration. The |
pattern of derangementsvbecéme essentially similar to mechanical
obstruction.

Distention stimulates the intestino-intestinal and dﬁodeno—
gastric inhibitory reflexes; a complete standstill of the whole
gastro—-intestinal tract results.

The increased intraluminal pressure impairs the intestinal
blood £low. At first venous congestion depresses the absorption -
of the accumulated gas and secretions. This is followed rapidiy
by increased secretions of water and electrolytes, particular-
ly potessium 199. The progressive ischemia of the mucosa is al-
so respohsiblc for an impoftant loss of proteins because of in-
creased permeability. With increasing pressure inside the lu-~
men, the fluid is dispersed in 2 retrograde fashion until it
meets o portion of bowel still capeble o? absorbing. The zmount

of secretions is enormous and far more than the mere zddition

Iy

of normal gasitric, biliary, pencreectic and intestinal secretions.
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The fluid secreted is isosmolar with the plasma and.conseQuently
systemic electrolytic disturbances appear late in the~§yndrome _
199. But the vo1ume lost this way is so huge that severe hypbe
volemia can result. This calls for further systemic‘adjust§ents.
Adrenalin output increases in order to compensate for the sloping
blood préssure; butvsimulfaneously the intestinal motility is
further hindered. ADH and gldosterone are released and increase
the secretion of potassium 208. The body response sacrifices the
intestinal function for:thé 5enefit of the meintenance of the
circulatory volume; but by so doing it also promotes fluid and
electrolyte loss, thus cfeating a dangerous vicious circle. ¥With
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.‘ihese changes appear when the visceral organs startd
to be impaired in their function, in particular the kidneys, de-
noting a poor prognosis 35. »

_Wangenstéen's mechanicel éoncept of ileus shock which has
been presented above with a few nuances, is based on the conse-
quences of distention 2s a centrel event 13. Cther idees have
been suggested, mainiy in the case of mechanical ileus. They are
mentioned here for the sake of completeness. The concept o

"primary ileus shock"” has been developed by Reifferscheid in

Germany. It is based on the observation of = decrease o? both
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the specific and non épecific cholinesterases in the serum toge-
ther with the development of histological lesions.in the hypotha-
‘1amus. Theée changes appear in the first hoﬁré following.obstruc—
tion and eventually lead to the later phases of shock. Consequen-
t1y, for Reifferscheid, intestinal decompression and maigtenan-
ce of proper fluid and electrolyte balance is not a fully cura-

209. Similarly Matsuruka pbstulated that

ileus shock was basically an acetylcholine shock 210. Much also

tive form of treatment

hes been written on the toxic effect of the intestinal content
in mechanical obstruction. The ileus shock would be related to
anaphylaxis or septic shock according to this hypothesis 211.

Whether these concepts are of any importance in paralytic ileus

is totally unknown.
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13. IHZE TREAT&EHT OoF POST—OPEE&E;YEAPARALITIC TLEUS.

The prognosis of abdominal surgerj has been ra&icaily'imé'i
proved since the introduction of intermal intestinal decompres—
sion by Vangensteen and his group 13, 16, 212. In %he usual.?ost—
operative course simple naso-gastric suction is sufficient to
prevent the effects of air swallowing and delayed'gastric‘emptyk

ing. Together with parenteral fluid and electrolyte therapy this

| B2

mencgement is almost routine in most institutions. But this doés
not meen that it is absolutely de#bid of any drawbacks. Gerber
reported a significant increase in broncho-pulmonary infecfions
in intubated patients, while non intubated patients kept'fasﬁing
and with proper fluid andvelectrolyte management did just es well
from the point of view of their ileus. Conseguently he does not
recommend naso-gastric suctionvas an integral part of‘routine
post-operative cere 213. In additioﬁ prolonged suctionbcan indu-
ce and maintain ileus by'impediﬁg the gastric acid from reeching
the duodenum where it zcts as a physiologic stimulent of motili~
ty. For this rezson Dunpbhy suggests thet zspiration should be
errested by the second day and the patient be fed a2t that time.

4 or 6 hours leter the gastric residue if any is aspirated again,
the tube being removed immediztely 2fterwverds. This is repeated
a few times and this way the patient's condition should improve

) 214

progressively . In the established case long tube decompres-
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sion should be performed, though it might be more difficult in
parzlytic ileus than in mechanical obstruction with a similar
degree of distention as the progression of the tube is partiéu—
larly slow 13.

Together with the measures previously described, a certain
number of pharmacologic agents have been clazimed 1o hasten re-
covery. The tenants of the "acetylcholine' theory have proposed
various anticholinesterases. Prostigmine has been used by liller
216 . . . s : .

, vhile long acting cholinesterase inhibitors.such as Ubretid
Hexamethylene—bis—K~methy1-c@rbaminoyl—1—3—oxypyridium bromide)

17. Similarly D-panthothenyl

205, 218

have been claimed to be of value
alcochol is apparenily of some benefid
Various sympetholytic procedures have been proposed by the
proponants of the purely reflex theory. Spinal or splanchnic
anesthesiz was cdministered with some success in the 193C's 55,
219 .
. More recently this has been replaced by the use of adreno-
iy . i . 57 . s 1S
lytic drugs such as Gihydroergotamine or guanethidine .
In zccordence with his neuro-hormonal concept of "ileus

siclness' Zeifferscheid proposes the eddition of aldosteronc an-—~

atholytic agents in order +to maintein en
220

-

tagonists to the zymn
sdeguate potassium balance a2t the celluluar level
Since the suggestion by Ililton of the presence o?f &z "mhzce-

-~

meker®” in the duodenum vwhich would drive the motility of the

-

small intesdine, artificial pacing was attempied in the experi-
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. 22 222 .
mental animal and man 1s . Zasselbrack reported success in

controlling the rhythmic contractions of the intestine in the

22 ] . .. .

doz “'3. Bilgutay and others claimed a heneficial effect in the
. . 224 .

treatment of post-oprative ileus in man . Hore recent clini-

cal trials have raised serious doubis regarding the efficacy of
the method. Reifferscheid insists on the necessity of offsetting
any sympathetic influence and of restoring electrolyte deficits”

before expecting any influence of the electrical stimulation 220.

225, 226

Horaen and Quast reported a failure of pacing.

In the raré case resistant 4o 211 theAusual therapéutic mea;
sures the guestion of operative exploration and decompression
of the gestro-intestinal tract may be raised. The differential
diagnosis between mechanical and paralytic ileus is extremély
difficult during the post-operative period because the symptoms
are mesled by the absence of a previously adequate peristalsis
andéd by the administration of anelgesics. Many cases of protracted
ileus are in fcct due to mecharical obstruction =2nd it is obvious
thet therce will be no improvement unless the obstacle is remo- |
ved. If none of the usual causes of peralytic ileus can be found,

= 2

a mechanical ceuse should be suspected 2nd laparotomy performed

. 227, 228
as soon a5 possible 7 .

PR

23

i
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CHAPTER II, EXPERIMENTAL STUDIES,

1. HEPOTHESIS.

Mucosal integrity is essential for normal physiologicdi»
functions of absorption and secrétion of fl')lié g_a.sfré-inte‘stina.ly
tract. Although intestinal motility is ,a'.n':i.ntegra.l part o:’t. the~
se physidlogica.l :functions, fthe relationship, of the":‘ntestihﬁl‘ v‘
mucosé.-io motor actiﬁ.ty ‘of -theh' d‘:i.igeéti.ve tréc‘b is v'ir'lm‘a.liy'
unknown. ﬂi‘b‘ﬁle attqnti_on ‘}‘:a.s been giveﬁ to. 'Ehek mucosa in 't_l;is“,
respect. Hoiever the:;e aré ;both‘ clinical a.nd eipér:i.mental oﬁse#—
vations vhich suggest tht the integrity of the mucosa might be
of importa.nce' in relation to motor function.

The mucosa contains afferent nerve endings related to the
peristaltic reflex as mentionedl previously 39. ‘Whether the mu-
cosal cell itsel?f is part of the afferent system is however un~
Imown, but the demonstration of the existence of a mucosal re-
flex :.s such is h:.ghly suggésfivo 4, 40, 81; It would appear
reasonabie to postulate that if the mucosa is affected by a pa- -
thologic process, intestinal motility in turn could be impaired.

clinically' such a concept is supported by the frequent as-

sociation of paralytic ileus in relation to the development of |

stress ulcers. 0O'Neil found signs of distention and functional

33

obstruction in 10 out of 22 patients with stress ulcers e In
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a vfrecent clinical repert :rrom this :i.nsti.tution, the presenee.ef

' paralyt:.c 11eus wvas reported in 9 ont of 21 strees ulcer pa.t:.ents
,'229. Expermental stud:.es have suggested that the les:.ons of the
'stress.plcer? synd._;'om_e may _be related to’de.ma.ge ,of the intestinal

mucosa and. a.l'bera.ti.en' of the inteStinal chyme. G‘nilberi- demons-

: -*’ytra‘bed that reflnx of the sma].l :mtestzna.l content :.nto the sto-

230. The mucose.l- le-

‘ ma.ch is a s:.gm.ﬁ.ca.nt pathogenet:.c fe,c‘bor
‘sions mciden'ta.l to exper:unental shock in the dog resnlt in a

: cons:.derable increase :m proteoly'bzc enzymes m the chyme 11be-
-re.ted. from cells vhich are shed ‘and lysed. in the lumen. ‘.l'he reo-
flux of such a.n.-enzymer:;.chf fluid into the stomach_.‘he.s.been’sug-
gested by Bounous 4o ce_u.ge ;digestion of the bgastri'cv mucus fol-
loved eventually by heetoeis of the ge,stric,muco:e-zx;

| vane shown by Sperlingvaox'ne years ago and more recently
by Shields that the ebsorpt:.ve function of the intestinal ep:.-
thelium was altered in mechanical bowel obstruction 123, 199
Such changes could not be demonstrated following abdominal ope-
retions.lelucksmm',,”uein'g .e‘fe’rfﬁsion technique in the human,
failed to fmdmsignificant c_hapge between the pre—operati-
ve and the post—opetaﬁite ‘absorptive abilities of the intestine
232. Cox observed only a ininor transitory decrease in enger
absorption followi;ng vagotomy. These results provided vthe basis
for the concept of esrl_.y,post—operative jejunal feeding 234,
235 « However resﬁpreieul’ with a perfusion technique upon an
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intestinal loop measuring only 3C cm in length revealed & decrea-
se in absorptiﬁe capacity which peréistea for as long as 48
hours. The duration of the functional defect appeared to be re-
lated to the magnitude of the operation. Thus it was most marked
after abdomino-perineal resection 236. Direct experimental stu-
dies of intestinal motility after mucosal damage in vitro have
provided contradictory results so fa#. Bﬁlbriqg reported aboli-
tion of the peristaltic reflex folloving scraping of the mucosa

40
. However her observations could not be reproduced by other

investigators 82, 83.

The purpose of the present investigation is to study in an
in vivo preparation the relationship between mucosal integrity
and intestinal motility. An effort wili be made to study the'ha~
ture and cheracteristics of the intrinsic mucosal reflex by ana;
lyzing the wave patterns associated with the motor responses fé
various mucosal chemical stimuli. If mucosal injury does in fact
advérsely alter motility, the possibility of preventing such in-
jury by means of an elemental diét as developed in our lazborato-
ry could hasten recovery of normal intestinal function end pre-
vent subsequent secondary complications 181.

Epithéliél shedding is one of {the major conseguences of ex-
perimental bowel autotransplantation. It is therefore of inte-

rest for the future development of thisz procedure to determine

if possible the influence of such shedding upon the motility of
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the intestine.

The experimental studies presented below are dividea into
wo parts. The‘first part is mainly an evaluation of fhe 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 an intestinal segment is evaluated.
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2. MATERIALS AND METHZODS.

a) Animal preparation.

The experiments were performed on healthy mongrel dogs‘
weighing between 16 and 28 kilos. A Roux~en-I jejunostomy wés
created in the following way. The animals were anesthetized with
intravenous Fembutal. With careful sterile technique, laparoto-
ﬁy vas then performed and the continuity of the small bqvel was
interrupted 20 cm bélé% the Treitz ligament. The proximal end
was then reanastomosed to the upper jejurum 20 cm below the le-
vel of interruption in an end to side fashion. The free end of
the distal jejunum was brought out through the skin to which it
was anchored. The dogs were allowed from 2 to 4 weeks of reco-
very depending on the individual progress. Thus healthy dogs

with easy access to the upper small intestine were made availa-

ble (Figure 13).

b) Electroenterographic estimation of intestinal motility.

to

Ydeslly in en in vive experiment the technigque utilized
estimate intestinal motilidy should avoid leurparotomy or anesthe-

iz, In on effort to reproduce a2s closely as possible the seguen-

2}

ce of events following operation in the human, initial e:peri-~
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5]

ZPERIMENTAL MODEL.

ALccess to the small intestine is provided by 2 Roux-en-I
preparction. The upper jejunum is severed 20 cm below the 1li-
gament of Treitz. The distel jejunum is brought out through the
skin znd 2z jejunostony iz constructed. The intestinazl continui-~

1y is reestabliszkhed by ancstomosing the proximel end in z termi-

no-lateral fashion 20 cm below the stonma.

ko5,

gy

——
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ments'were'designed to record the intestinal activity without
interference by sedatives or anglgésics. The recordiﬁgvbf fhe"
‘éieéﬁrical activity of the intestine vithhimplanted eleétrodes
zccording to the technigue of McCoy‘seeme& promising in this
respect 237. The method was tried on five dogs, and tracings si-
milar to those reported in the literature were reproduced (Figu—
re 14). However this technigue was abandonned for the following
reasons:

1) This experimental model involves the intraperitoneal
presence of wires and electrodes and is associated with’a high
degree of infecticn. In addition these wires can cause mechani-
cal interference with the movements of the intestine. Two cases
o?2 bowel obstruction were encountered in our experience using
this technique.

2) As noted by McCoy himsel® the gquality of the electrical
tracing is quite varieble and easily influenced by the movements

of the dogs >-'.

3) The amount of information provided by the electricezl
method is limited to ar overall index of motility. It does not

provide any informaztion zbout the events taking place 2t the le-
P 46 L . .

vel of the smooth muscle cell membrane . By contrast mechzni-

cal recordings of intraluminal pressures are not only a reflec—

tion of the overzll motor ectivity of the intestine, but indi-

cate in more guantitable terms the magnitude of the pressures

i
4

RO

ki



Figure 14.

ELECTRICAL ACTIVITY OF PROXIMAL'JEJUKUM

lov waves with or without spikes are clearly distinguiched.

no clear correlation betireen the episodes of sriking

Q

¢

¢ nechanical recording of intreluminal uressure becasuse

extreme Cifficuldy of plucing the open tipped catheter

5 under an electrical probe in our prejzration.
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devéloped and the patferﬁ of the waves. Hovever recofdiﬁg of in-
testinal electrical activity remains the technique of choice for
the study of thé basic rhythm and of propagation.

4) Finally it was felt that the technical difficulties in-.
herent to the method were of such a magnitude as to preclude its
use fof the time available to carry out this study. The associa-
ted surgical complications were extremely high and the animals
required a long time to recover post-operatively. This was a se-
rious limiting factor in the nﬁmber of experiments which could
be performed, particularly in acute experiments ending with the

death of the animal.

c) Estimation of intestinal motility by intraluminal nres—

sure recordings.

Open tipped polyethylene catheters with an internal diame-
ter of 0.066 inch (Intramedic PE 240) were used to comnsiruct two
main types Af tubes. The most simple "single lumen" tyne consis-
ted of a wolyethylene catheter introduced into the lumen of a

number 1€ Fole) rubber catheter. This combinztion provided 2 tu-.

o
("]
o
kb
X

deguate rigidity to allow easy introduction without kin-

king. It wos however sufficiently soft znd supple to minimize

Q

eny possible mucosal trauma. The balloon at the +tip of th

cetheter wzs perforated with mulitiple small holes at its distol

(&3
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Figure 15.

THE TV0 TIPES OF RECORDING TUBES USED FOR OUR EXFERIMENTS.
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end in order to facilitate instillations into the intestinal lu-
men. In the second "double lumen" <{ype two additional pieces of
tubing were added. Another PE 240 catheter was attached to the
side of the Foley, its opening being 5 cm proximal to the distal
opening of the Foley. A third smaller polyethylene tube with an
internal diameter of 0.023 inch {Intramedic PE 50) was atfached
to the side of the tube with its distal opening lying 1 cm pro-
ximal to the first polyethylene tube (Figure 15). Both main re-
cording catheters were kept under constant irrigation by a mi-
crodrip of Ringer's lzctate solution so that plugging of the ca-
theter tips would be avoided. Ringer's lactate ves ﬁsed as irri-
geting f£luid because of its similarity to plasma with regard to
osmolarity, pH, and individual salt concentration; all these fac-
tors are known to cause some stimu}ation if their values deviate
significantly from their plasma level. Single ion conéentration
is #lso of importance as pﬁysiologic saline was observed to be
capeble of stimulating intestinel motility (Figure 16).

As will be explained later, the estimation of the sponta-
neous intrinsic motility of the intestine zalome as a measurc of
intestinal motor function can be misleading. Consequently it was
elected tc study the motor resporse to intraluminal mucosal sti-
mulztion. As shown previously by Hukukara the peristaltic reflex
cen be elicited mechanically by rubbing the mucosze with o soft

brush eor chemically with the ipstillation of 0.1 ¥ EC1 81. It
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EFFECT OF AN INSTILLATIO
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was felt that mechanical stimulation would be diffigult to con-.
trol in en in vivo situation. The possibility ofvinadvertant~
distention of muscle usihg a2 mechanical stimulus thus causing

2 reflex contraction of myogenic origin would be a difficult
problem to control. For this reason chemical stimulation was
chosen. 0.1 ¥ HCl was used. However in order to avoid any hypo-
osmolar effect (the osmolarity of pure 0.1 ¥ HCl is 200 Mosm/1.)
the solution was made up from 1 ¥ HCL diluted in 0.3% saline.

Thus a solution having an osmolarity epproaching roughly 280 }osm/1.
vas obtained. For stimulation 5 cc of this solution were injeé—-
ted into the lumen of the intestine. Together with motility e
pneumographic recording was alvays simultaneously obtained in
order to rule out any artefact due to the respiration on the pres-
sure tracing.

The studies were carried out in the following fashion. The
dogs were faéted for a minimum of 18 hours prior to the experi-
ment. The tested was placed upon a table where it would lie in
2 comfortable position. The recording catheter containing the
open tipped polyethylene tube was lubricated with an appropriate
jelly (Lubritine Abbott) znd inserted into the small iétestine
through the jejunostomy. The catheter wes inserted as faor as
possible, i.e. 37 em - 38 cm, secured to the animal vith tape,
and attached to the terminals of a Gress lodel 5 Polygreph. The

dogs tolerated this procedure extremely well znd rezeted sene-
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rally by complete indifference. Afterwthe introduction of the
recording tube 5 minutes were allowed to elapse for adaptation
to take place before the experiment was starte&; Then a 10 mi-
nute recording of spontaneous motility of the intestine was ob-
tained as a base line before stimulation with 5 cc of 0.1 ¥ NC1
was performed. In the normal dog a dramatic response consisting
of bursts of pressure waves ap 1earé& after 2 variable time lag.
The response appeared somevhat fatigable so that it would become
weak or even absent if stimulations were carried out repeatedly
at too freguent intervals of time. Comnversely the bursts of wa-
ves which constituted the response would sometime continue for

2 prolonged period of time in such a way that it would become
impossible to differentiate between the stimulated response and
the intrinsic spontaneous activity of the intestine. In addition
some variability in the degree of intensity of the responses was
also observed. The initial stimulation would be generally fol-
lowved by a marked respomse. Pollowing a sccond stimulation per-
formed 5 minutes later the response was gemerally more pronounced
than the 2irst one though not e2lweys. The response to 2 third
stimulzation 5 minutes later weuld generally mimmick the first
one. To overcome these problems, i.e. fatigability, responses

-

n 1

p.

stinguisheble from spontanecus metility, and verizbility of

’4.

esponse, the following protocol wos adepted in an ztitempt to

standardize the interpreitation of the reszponses.
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tor respoﬁse wes arbitrarily divided intoy{hree cate~
ories denending on whether the contractions would appear within
or after 3 minutes a2fter the stimuletion, or not at all. Conse-
guently 2 minutes were zallowed to elapse after the stimulation

time was quanti-

o]

Hy

and the mo+tility recorded during this period o
tated as described below. In this way the responses obtained du-
ring the 2irst 2 minutes after stimulation could be compared in
e:xperimental situations., ifter these 3 minutes the in-
ﬁé"tine was Trested"” for 5 minutes before any other stimulation

was performed. Thus there wos an intervel of 8 minutes between

ecch stimulzotion. The above constituted the solution to the pro-

©

bler of determinins the end noint of the response and to the »ro-
bility. The problem of variability wes solved by
»forming trains of +three successive stimuletions. The results
reported below are the means of the measurements performed on

esponse. This method is comparable to biochemi-
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ccl tests where three determinations are made z2nd their mean ac-
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tracings cre 2ifficult to guantitete. Nevertheless they lend them-
rsis by measurements of various parsneters which
describe their choracteristics such as the time lag between the
stimulciion and the sppecrance of the response, the frequency,

tude, the number of contrazetions znd the ncan
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amplitude. The results presented belov are reported in the fol-

lowing way
1. Presence or absence of a response:
i. presence of a response: a) within 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, a2, b, is. reported in absolute values

and also as & percentage of the total number of experiments car-

ried out.

2. When a response occurred within 3 minutes after stimula-
tion, the motor activity during these 3 minutes only was consi-
dered for the estimation of the following parameters:

i. time lag .

ii. freguency

iii. moximum amplitude

iv. number of contractions
v. . mean zmplitude

3. If the responsge eppeared after a delay of over 3 minutes,

the following pcorameters are reported:

i. time lag

ii, maxinum amplitude
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iii. frequency
The number of contractions cannot come under considefation‘
in the latter category because of the impossibility of determi-
ning whether the contractions observed are spontaneous or cons-

titute a stimulated response such a long time after the stimula-

va

tion.

aximum amplitude are measured on the
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e
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tracing with a ruler. The frequency values are obtained by coun-
ting the waves and dividing the number found by the time elapsed.

The mean amplitude is calculated by edding up the amplitude of

each contraction and dividing the result by the number of contrac-

tions considered.

d) The effect of & 5 cc bolus of 0.1 ¥ HCl at 37°C.

A total of 45 stimulations with a bolus of 5 ce 0.1 ¥ HCL
at;37°C were performed in 10 different healthy dogs. The motili- 2

ty was recorded with the second type of catheter with two recor-

ding lumens in order to detect peristaltic waves. Calculations @

werc made from the tracing obtained from the most distal cathe- E

The injection of ZCl was inveriably followed by 2 vperiod

of complete inhibition vhich constitutes the time lag period.

This seemed to be 2 characteristic of intrzluminal stimulation 8
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zs the same phenomenon was similarly obserfed éffér injecﬁion

o2 physiological saline or 1oéal anesthetics._Thé'timévlag‘periﬁd

is followed by 2 strong’burst of wafeskpresenting the pro?efties

of peristalsis as it appeared to be propagated. Initially 2 or

3 moderate contractions appear. They are followed by contractions
.

of maximal intensity which last from 20 to 60 seconds and progres-

sively taper off. 4L second burst of comtractions, generally of

- -~

lesser amplitude, frequently Ffollows the first burst afier a va-

riable interval oZ 60 to 150 seconds. Rarely this cycle was re-

o

peated with the appearance of a third or fourth burst. As a ru-

le a single burst anpecred after each stimulation {(Figure 17, 18,

19).

Results of the above experiment and analysis of datz che-
recterizing the normel response to a stimulus of 0.1 ¥ HCI are

outlined in the following tables.

Table IV.

P

TIZ IXCIDENCE OF RESPONSES TQ O.1 X FC1 IN THE NORMAL DOG.

aumber of ex~ number of responses number of responses mno response

seriments within 3 minutes after 3 minutes E

N

£
h's

1
W
~~
-~
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e

. 2%)

i8]

(92.3%) 1 (
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Figure 19.

THE HC1 RESPONSE RECORDED WITH THE SINGLE LUMEN TUBE
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In the majority of the dozs a motor response was obtained

thin 3 minutes after the injection of IEC1l. This response is

s
1=

Purther analysed in Table V. Only one response appeared after
3 minutes afiter stimulation, characterized by a time lag of 220

seconds and & moeximum amplitude of 56 cm of water.

TIE NORMAT, RESPONSE TO THE INTRALUMINAL INJECTION OF 5 cc 0.1 X
nc1 at 37°C.

T.L. Fr. dix. A, N.Ctr. Me 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)

Dote presented as mean + SD.

(n): number of experiments.

T.L.: time lag, seconds.

Fr.: frequency, number of waves/minutes.

Mx.A.: maxinum amplitude, pressure ir em of water.
ﬂ.CLr.. pumber of contractions.

Me.A. mean amplitude, pressurc in cm of weter.

The meximum emplitude and the frequency of the response to
€1 was compared with the same volues measured in o 10 minutes

strip of base line activity in 12 of these dogs. Tor

]

easgons
reedily apperent the number of coniractions or the mean emplitu-
de of svontancous contrzctions cennot be comnared to those of =

stimulated response.
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Table VI.

COMPARISON BETVDEN THE MATTMUM AMPLITUDE AND FRECUENCY OF SPON-

TAHDCUSLY CCCURIZNG CCMTRACTIONS WITHE TEZ RESPONST TC ©ECl 0.1 N.

L'y AN R

moximum amplitude

{em of water) {contractions/minute
spentaneous contractions 86.4 + 27.1 53 14.0 + 1.0 SD
(12) (12)
response to HCL 88.4 £ 25.9 8D i4.2 + 1.0 8D
(42) (42)

Data nresenued as mean + SD.
(n): number of experiments.

It is obvious that there is no difference between either
the frequency or the maximum amplitude of spontaneous contrac-
tions and that of contractions following ECl stimulation. Thus.
the response to HCl is in the physiological range and does not

represent "superconitractions®. Also the frequency of the basic

rhythm does not zppear to be altered by EC1.

e) The cffect 02 2 5 cc bolus of Rinser's lzctate.

In order to verify the reproducibility of the response to
ECL, o series of control experiments were performed with instil-

. . o . .
letions of Zinger's lzecizte 21 37 C. 21 such exgeriments vere
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Figure 20.

FOLLOWING

RECORDING PRESENTING THE FEATURES COF "0

e ———

e ——

RINCER'S LACTATE INJECTION.

s
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performed in 4 of the same dogs. The characteristic patterm of
the ECl response was seen to consist of a latent interval con-
stituting the time lag period followed by a2 motor response.

Such 2 response could not be consistently reproduced following
the injection of Ringer's lactate. In 14 out of’21vexperiments
the spontaneous motility would continue uninterrupted without
any sign of interference (Figure 20). This is in sharp contrast
with the response to HCl which was invariebly preceded by 2 pe-
riod of inhibition. Although the motor activity was preceded

by a time lag in 7 control experiments and could be labelled as
a response to the injection (Figure 21), comparative analysis

of the wave patterns revealed significant differences. Results
0o? analysis of wave patterns of the control experiments are re-
ported irn tables VII and VIII. In table VII the motility during
the first 3 minutes after the injection of Ringer's lactate is
described whether o time lag was present or not. Both are compa-
red with the ICl response. Iven though the injection of Ringer's
lactete might be capable of czusing a "volume" response, the
chemical action of ICl eppears to influence significently the

he mean emplitude. In the so-called "response" to
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lowing HECl. However the number and the frequency of the contrac-—

tions do not appear to be influenced by ECIL.

Table VIT.

1z}

THE MOTILITY OF THE DOGS IFAVING PRESENTED TED FEiTURIS O

MDTOPOLSE" TO THES IHJECTION OF 5 cc OF 2AHGER!'S LACTATE AT 37°C.

T.L. Pr. Mx.A. X.C%r. Me.A.

(7)

,\
.\]
N

S

N
) :
o J M
g
~~
"\]
St
Eean
-q
N

Data presented azs mean + SD.
p value obtained by Student's t test; comparison with the
normal response to HC1 (Table V).
(n): number of experiments
T.L.: time lag, seconds.

: freguency, number of waves/minute.

Mx. Al maximum amplitude, pressure in cm of water.
T.Ctr.: - number of contractions.
e Al mean ampliftude, pressure in cm of water.
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Table VIIT.

2 MOTILITY OF THS INTESTING FOLLOWING THE INJECTICH OF 5 cc

OF RINGER'S LACTATE AT 37°C. OVERALL 2ESULTS.

7. L. Tr. ¥x.A. M. Ctr. Me.A.
14.8 + 0.9 51.5 + 11.0 32.6 + 9.3 22.7 + 6.7

(21) (21) (21) (21)
p &£ 0.001 n'< 0.01

Dotba n”csenteﬂ ‘as mean -+ SD. »
hel value obt ained by. utudent’s t test; comparison with the

normal response Ho HCl (Table V).

(n): number of cxperiments.
T.L.: t_“e la seconds
Tr.: Luencj, number of wz ves/minute.

Mx.A. 2 meximum amplltude, pressure in em of water.
H.Ctr.: number o2 contractlons.
MHe.h.: mean eamplitude, pressure in cm of water.

Remerk: as the presence of g time lag vas very unpredi
ble, even in the same dog, its mean was not ca
leted in Table VIII,

ta—~
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?) The effect of 2 bolus of 5 cc 0.1 N HCl on the intralu-

minal QH;

In 2 dogs the pE of the intrazluminal content was measured
in the fluid aspirated from the intestinal lumen with the injec-
tion catheter of the double lumen tube. About 1 cc of fluid was

aspirated 1 minute before the injection of HCl, and 1, 2, and 3

minutes after. Sequential measurements were obtained in two trains

of stimulations, znd the results are'outlined.ianable IX. ¥Neu-
tralisation takes place relatively rapidly during the first 3 |
minutes after the injection. Complete’neutralisation is ﬁsﬁal-v‘
ly achieved before the next sitimulation. No parallel could be
drawn between the pattern o® acid neutralisation and the magni-
tude of the response or the phencmenon of fatigability (Figure 22,
23). If a response vas initiated, second and third bursts of con-
tractions were freguently observed to occur in the fzce of pro-

gressive neutralization of iniraluminal pH.
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Table IX.

ANGES FOLLOWING

INJECTION COF 0.1 X HC1.

dog 1 min. before 1 min. after 2 min, after 3 min. after
number stimulation stimulation stimulation stimulaticn
pH PE nH pH
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

TEE pXE VARIATIONS DURING

Ficure 22.

ot —————————

THE RESPONSE

T0 THE THJECTION OF

5 cc 0.1 N TC1.

]




Pioure 23.

TEE X VARIATIONS DURING THE IESPONSE TO THE INJECTION OF

5 cc 0.1 I EC1.

g) The role of temperature of the bolus of HCl.

The Pirst stimulations attempted with 0.1 ¥ EZCl were perfor-
med at room temperature. Thus the question arose whether the ob-
served response was due to the temperature of the bolus since

sudden cooling of the pucosa following the injection could be

conceivebly an effective thermal stimulus. To clerify the matter

Ly ]
o
8]
ck

. . . o . .
20 stimulations with ZCl a2t 20°C were performed in 4 2ilfe
dogs and the results compared with the measurementis obtained zt

o '3 - 4 h?
37 C. The results are summarised in tobles X and 7T,
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Table Z.

INCIDENCE OF RESPONSES TFOLLOWING HC1 STIMULATION AT 20°C.

cad wdde s WS

number of number of respon-~ number of respon- no response

experiments ses within 3 min. ses after 3 min.

20 16 (805%) 1 (55%) 3 (15%)

Table XI.

THE RESPONSES TO 0.1 N HC1 AT 20°C‘OCCURING TITEIN 3 MINUTES.

T.L. Fr. Mx. 4. K.Ctr. Me.A.

36.2 + 19.9 14.8 + 0.8 107.6 + 29.2 24.9 & 10.6 47.9 + 15.7
(16) (16) (16) (15) (16)

Data presented as mean + SD.

{(n) number of experiments.
T.L. time lag, seconds
Pr. frequency, number of waves/minute.
- v
IxX.A. maximum amplitude, pressure in cm of water.
H.Ctr. number of controctions.
Mo, L. mean anplitude, pressure in em of swrater.

- unsuccessPul stimulotions 211 occured in the

inalysis o2 the reszonses ocecuring within 3 mirnutes sug-




zested an increazse in maximal and mean amnlitude following sti-
mulation with cold HCl. Hovever these apparent changes were not

cant. Thus in the exscerimental conditions

-

|

b g s .o
statistically signif

'S

descrived, stimulation with a colé bolus appeared to have 1it-

tle inPfiluence on the response. HZovever all subsequent experi-

~

ments reported in this study were carried out with HEC1 2t 37 C
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chk

he stimulatory effect of acid on dener-

' . . . . 238 .. -
vated loons of intestine with 57 procaine . Similar studies
by Bilbring et gl. indicated that cocaine at z concentration of

—.A' . -
13 7 zholished the peristaltic reflex by a selective effect on

the mucosa. In accordance to the experimental hypothesis of this

study it wes important to determine whether the response to HCL

[e]
[&]

could be blocked by a loczl znesbhetic. Iylocoine was used

2) The effect of 2 5 cc bolus of xvlocaine.

Various concentrations of xyloczine ranging from 10~ +o
12 were prepared by dilution with Ringer's lactate. 5 cc of

eoch one of these solutions =2t 27

-

1y as in the EC1 stimulations. A totael of 6 instillations with

. -6 - 4 - -2
h concentrotion (10 ~, 10 5, 107, 10 3, 10

) were performed
in twvo different dogs. Iluch to our surprise xyloccine itsel? was
observed to stinmulzte a2 motor response which cppeared to be of

o megnitude roughly proportional to the concentraztion. The res-

sonse itcel? epzeared very similer te the resnonse produced by

201 wizh the presence of a time log followed by a motor respon-
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THE RESPONSE TO THE INJECTION OF 5 cc OF XI¥LOCAINT AT VA~

RICUS CONCENTRATICHS.
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with HCl was ctbtenmmted at various intervals of

Stimulatic

ranging from one to five minutes after the injection cof

ine. In every case no blockade was observed. This might

©

4

-

dilution of the xylocaine in the irntestinal secretions,

o'

e acu

o

Q

absorption and quick dissipetion in the blood f£low or propulsioen

further down in the intestine and To avoid these dis-

A

ere

advantoges perfusion studies

b) The effect of a perfusion of Ringer's lecctate, 0.1 ¥

and xvlocaine.,

KX
[¥3

criments were corried out in four differen
A single lumen +tube was used and
insertion into the jejunostomy, 5 minutes were allowved

for adaptation. &L 1T minute strip was then recorded Zfor

elanse

I ECY was carried out

base line actividy.

as usuzl, 8 minutes lest stimulation (3 minute inter-

&

val for the estimation of the + 5 minutes "rest"),

Zinger's ZC1, or xylocaine

ck

Iaverd punp 0? 1.225 ni/min.

o3

tremely low flov was chosen in order to avoid any volume disten-
o o

tion e2f0ct while still expesing the mucosa to the studied che-

mical. The perfusete pussed througch o tubing coil plzeed in =
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Table XTI,

PEEFUSION STUDIES.

perfusate Zr. Mx.4. N.Ctr. Me.4.
none {base- 3.5 + i.0 91.0 + 21.0 110.8 + 21.7 34.7 + 13.8
line) (4) (4) (4) (4
Ringer's 12.8 £ 0.5 100.3 + 22,6 6.8 + 13.3 32.9 + 6.4
lactate (4) (4) (4) (4)
0.1 ¥ EC: 13.0 + 0.8 111.0 + 44.3 64.0 + 19.3 29.1 + 12.7
(4) (4) - (4) (4)
p value p <& 0.02
xylocaine i3.2 £ 1.0 62.0 + 26.2 44.8 + 26.1 29.2 + 17.2
-2
(1077) (4) (4) (4) (4)
p value p £ €.025
Datz presented as an + 3D
{n): number of experlments.
Fr.: ?reguency, number of waves/minute.
Ix.%.: rma

2ximum emplitude, pressure in cem of water.
%.C%r.: numdbér of contractlons.
e k.t pr amplitude, pressure in cm of water.

Jall o cne o 2l

. value:

&

ined by Student's t test; comperison with the
line. Comparloon was also made with the mea-
rements obtained during Zinger's lactate perfu-

t:f'
) p

k]

2 0 oo
G5
0

icn, but the p velues were of no significence
222 are conseguently omitted.




Pt pchen

fﬁef the end of the nerfusion a train of 3 stimulations with
701 was performed. The metility during the different perﬁusidns
was compared with the 10 minute base line strip and with the mo-
tility observed during Ringer's lactate nerfusion. Similarly the
responses to ZC1l stimuletion after the Zifferent types of perfu-
sion wvere submitted to statistical anaelysis and compared with
each other.

Then compared with the resting activity the main effect of
HC1 perfusion seems to be a reduction of the number of contrac-—
tions. This is statistically significant for p € 0.02. The other
volues do not shov any significant change (Table XII). Surpri-
singly there is no statistical difference between the values mea—

sured during ILinger's lactate and ECl perfusiorn. Simple visual

o

observation gove the impression that the motility was more acti-

ve during the first 5 minutes of ECl perfusion as compared with

the following 5 minutes. However it is not confirmed by the Stu-

ided to study the effect of xylocaine at the con~

4
d—
0
10}
>
1]
(2]

-2
i3 7 z2fter pilot evaluation had shovm in a couple
of dogs that little or no chonge had to be expected with lover

-2
concentrotions. Fylocaine 10 7, as expgecied, hos sn inhihitory

action; but only the number of contraclions iz significantly de-

creased vher compared to the resting activity. If {the comparison

s

is pade with the aseliviiy during Dinger's lacizte perfusicn, the




_T&ble XITII.

ANALYSIS COF THE PERFUSION WITH O.1 N ECl: FIRST AND SECOND 5

MINUTES.
Fr. Lxohe ¥, Ctr. Ye. k.
1st 5 min. 13.0 4 0.8 98.5 £ 26.3 38.3 + 16.8 37.3 + 17.6

(4) () (1) (4)
3.5  27.1 £ 18.0

1.0 65.5

~ I

—~~
N

~r
o~

Data presented as mean + SD.

(n): number of experiments.
Fr,: Prequency, number of vaves/minute.

maxinum amplitude, pressure in cm of water.
¢ number of contractions.
He A s mean omplitude, pressure in cm of water.

can~—

e

changes =zre less gpparent and lose their statistical sipni?
ce. Zowever the comparison of the first 5 minutes of :zlocaine

1C 7 perfusion with the followinz 5 minutes shows that almost

s s . 2 —~ 1 3 . - -
cerried oul. IDesulis are given in tubles ZV cwad IVI. The recion-
P I e . - ~ - -3 £ -
ses efter Zinger's Isctate nerfusion appear to be essentizlly
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Table XIV.

- . - A2 e
4nALTSTS OF TifD PERTUST VITE FTLOCATIE 10 ~: TIRST AWD SECCND

C

Fr. iIx. A, H.Ctr. lHe.A.
dog 5 min. 10 min. 5 min. 10 min. 5 min. 10 min. 5 nmin. 10 nin.
1 14 0 48 0 25 0 19.4 0
2 12 0 84 0 40 0 39.5
2 12 12 164 64 63 34 62.9 23.4
4 14 32 e 1 G 11.0

ta presented =2s absolutbe values.
: freguency, number of waves/minute.
Mx.ioe maximum amplitude, pressure in cm of water.
Z.Ctr.:. number o?f contractions.
He. Al nean amnlitude, pressure in cm of water.

. -2 . . e
normal. Xylocaine 10 perfusion decrcases significantly the num-~
ber of conitractions during the 3 minute period following stinu-
lation and the time lzg is lengthened. However, vhen present,

hatal

2ll the responses occured within 3 minutes. HCl verfucion seems

to have a similer influence though less promounced. Zeccvery of

the responses to rormal after x3locaine perfusion tzkes nlezce
P J Py &

after 8 to 20 ninutes. The reszonseszs to the second stimuletion
show already some improvement a2nd reversion fto normzl is 2lrost




Table XV.

DY INCIODUNCE OF RESPONSES TC O.1 N IIC1 ATTER THE TXPOSUREN OF TIIN INTESTINAL MUCOSA TO

VAoICUs PUSTUSATES TOR 10 MINUTES

perfusate  number of oxperi~ number of responses  number of responses no response

ments within 3 minutes after 3 minutes
I
-t
base line 2 12 0 0 ~
. 1
Uinger's 12 12 0 0

lactato

0.1 I NCL 12 12 0 0
warlaeans 1 0 5, oA
xrlocaine 12 o (75:%) 0 3 (25:%)

e}
{107)
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Tahle XVT.

VR RRSPOMNOSN TC UC1 AFIER SXPOSURT OF TIN INTESTINAL MUCOSA TO VARIOUS PERTUSATES FOR 10 MINUTES.
porfuseto T.L, Tr. Mx.Ay N.Ctr. He.A.
none (bese line) 24.9 + 4.0 13.1 £ 0.6  96.3 + 36.6 30.7 + 3.6 52.8 + 22.0
(12) (12) (12) (12) (12)
Jinger's lectate 35.5 + 9.2 13.0 4 0.2 110.0 +45.3 24.8 + 9.3 54.2 + 22,1
(12) (12) (12) (12) (12)
1
0.1 ¥ Ic1 45.6 + 20.4 13.3 + 0.7  T3.9 4+ 10.3 20.3 + 5.2 32.4 & T.4 -
(12) (12) (12) (12) (12) i
. ]
D value P 0.02
-0
xrlocpine 107" 56.9 + 14.2 13.3 4 0.8  73.8 4 25.2 22.0 + 4.6 34.3 + 6.0
(9) (9) (2) (9) (9)
L value »  0.01 P 0.025

Data presented as mean 4 SD. b velue: obtained by Student's
(n): number of cxperiments. t test; comparison
T.L.: time log, seconds., . with the base line.
BLs AR Prequency, number of waves/minute.

2R P maximum emplitude, pressurce in cm of water.

Z.Ctre: number of contractions.

Hola. e mean cmplitude, pressure in cm of water.
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4. 7THZ EFFECT OF ACUTE ISCHEMTA AND THE RESULTING MUCOSAL

SLOUGHING COH THE INTESTINAL MOTILITY.

The effect of acute ischemia and shock on the intestinal
mucosa have been described in deteils in chanter I, paragraph
11. In this set of experiments mucosal damage and shedding was
produced in 2 segment of proximal jejunum by an episode of acu-
te ischemia and its effect on mbtility was recorded during the
period of recovery. This experiment was designed to study the
influence of.d@disrurted mucosal integrity upon intestinel motor
activity.

Two groups of 4 dogs each were comsidered, one forming the
experimental group and the other the conirols. As for 2ll the
other experiments the dogs were fasted for z minimum period of
18 hours prior to the measurements. The intestinal motility was
recorded with the double lumen catheter. 5 minutes were z2llowed
to elagzse for adaptation after insertion of the recording tube.
Ther o 10 minute sitrip was obtained for basal activity. A train

-

of 3 stimulations with 0.1 X XZC1 srere carried out for base

Awd

ine
purposes. i number 16 intravenous canule (Intracath, Abboti)

wes inserted in ome of the front legs arnd on intravenous infu-
sion of linger's lactete wos started. The dogs were kept fasting

and intravenous administretion of this solution was meintained

during the entire length of the experiment, i.e. 24 40 48 hours.
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Figure 25.
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Zach animzl received an
lactate per doy.
and the

Membutal

tinecture. Laparotomy was

and the loop of irntestine conta

41

of the

recording cathéter. The mesentery was slit at this level as far

joX)
[o]
wd
d
o
n

the intestine containing the recording

proximel end-of the segment and
ce of rubber tubing wes applied

culer clamps were delica
the isol
nerves were left intact {(Figure
1 hour. & biopsy was
at & level distel 4o the

eZect

averazge of 1500 ml to 2500 ml of Zinger's
They were then
abdomen wes shaved
performed
ining the recording catheter w

peritoneal cavity.

and tied@ 15 cm above and 15

)0531b10. rnhe arterles sunnTJLnﬁ the se"ment of jejunum
isolated were dwssecteu carefully as close to

as possible. 4 ligature of umbilical tape was passed around

tely closed on

ated segment of bowel, dbut the

anesthetized with intravenous
and prepared with Metaphen

through 2 midlire incisicn

)
wn

The marginal vessels were

cm below the +tip of the

their point of

tube 2t the level of the

2 soft clamp coated with a pie-

at the distal end. Bulldog vas-

the arteries leadi
venous drainage and the
25). The clemping period lasted

from the antimesenteric border

the recording catheter and the
tape ligature and the soft

ezeh group
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48 hours after closure. 4t each recording sessicn a 10 minute

strip was obtained Pfor evaluation of the spontaneous motility

ied out.

h
H

befo a trein of 3 stimulations with 0.1 X7 ZCl was car

]
(]

4Pter completion cf the experiment the dogs were sacrificed, au-

topsy was carried out, and a specimen of clamped and unclamped
bowel was removed for histologica xamination.

-The above protocol wes also applied to the control dogs,
but a "shom" operation was performed. It was identical to the
cperative procedure described in page 118, but the mesenteric

arteries supplying the isolated segment of jejunum were not clam-—

ped. They were also cautiously dissected as in the experimental

group of animals, and, with extreme care not to damage the ac-
companying veins or'nerves, bulldog wvascular clamps were also
placed around them, but not closed and immediately removed. 1
hour was allowed to elapse as if clamping was taking place and
then abdominal closure was performed as in the experimental group
of dogs. Thus in the controel group of dogs the mesenteric circu-

lation of the studied jejunel loop wos never interrupted.
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a) The effect of XNembutbal

rative procedure, the influence of the drug on intestinal moti-
1idr wes eveluated in 5 dogs. After a train of 3 stimeloticns
with IIC1 for baose line estimation, 25 mg to 35 mg of embutal
per kilogran were administered intravenously. 5 minutes later 2

train of stimulations with HCl was attempted. This was repeated
40 cnd 30 minutes after the injcction. Almost immedictely after
3

the injection the spontaneous motility of the intestine come to

J
o comnlete stardstill (Figure 28). This persisted as long ac the

dos was asleep. During the weke-up period the dogs manifested
irreguler spells of semi-consciousness followel by episcdes of

N

nied by =z temporery resurgence of sponitaneous motility. The ror-

mel pattern reappeured only with complete recovery of conscious—

1
"
A
19

Attenpts to stimulcote intestinal motilid;

o considerzble increzczad feoilure rate with mofloroie imro-

vemeont o3 tinme elapseld [Table IVII). The dime laoz was

t1; prolonged ater the stinmulations werformed ot 47 20 mi-
nubes. Sinmilorly ithe number of contrzceiions occurring within 2
minmutez oftoer theo siinulcoiion wos eguzlly reduced ond o cortoin



TE IXCII

Table XVII.

BNCE OF RESPONSES TQ HC1 UNDER NEMBUTAL ANESTHESIA.

time ofter number of experi-

number of responses number of responses

no response

Hembutael ments within 3 minutes after 3 minutes

base line 15 15 0 0 i

5 min. 14 7 (50%) 0 T (50%) N
10 min. 14 6 (42.8%) 3 (21.4%) 5 (35.74) '
80 wmin. 14 7 (505%) 2 (14.3%) 5 (35.7%)

S L T RSO ¢
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number of responses were delayed past the 3 minutes mark. The
maximum amplitude was also significantly reduced in the respon-
ses to the trein of stimulations performed 5 and 40 minutes af-
ter the onset of anesthesia. There was no evidence of improve-
ment of the charazcteristics of the responses occurring within

3 minutes affer the stimulation during the nericd of study. The
characteristics of the responses which were delayed beyond 3
minutes were not suitable Por stetistical comparison. In addi-
tion to the prolonged time lag, the maximum amplitude of these

dclayed responses tended to be reduccd. These figures are re-:

ported in tables XVII, XVIII, and XIX,




Teble XVIII.

TIE RESPONSES TO 0.1 N HCl UNDER NEMBUTAL ANGSTHESIA.

timo T.L. Fr. Mx. A, N.Ctr. Me. 4.
base line (be-  30.7 &+ 14.5 13.6 + 0.6 96.5 + 30.2 27.4 + 5.7 47.2 + 19.1
fore Nembutal) (15) (15) (15) (15) (15)
5 min, after 63.0 &+ 49.3 14.1 + 0.8 45.2 £ 25.0 16.6 + 12.4 27.6 + 20.7
Jonbhubal (7) (7) 7 (7) (7)

p value

)
P £ 0.05

40 min. after  100.1 4 44.2
Fembutal ‘ (6)

p volue P < 0.025

12.5 £ 1.2 27.5 + 18.
(6) (6)
p < 0,01

7 11.8 + 5.4 20.2
(6) (
p < 0.01

80 min. alter 86.3 + 18.8
Slembutal (7)

2 velue < 0.01

43.8 + 28.

T 14.2 & 0.7 27.7 + 21.0
(7) (7)

P < 0.005

et presented os mean i SD.

(n): nunmber of responses occurring within
3 minutes after the stimulation.

T.Le: time lag, scconds.

Tr.s frequency, mwmber of weves/minute.

3:.\'..:’“ :

N
W.Ctlr.:
LY

neximum anplitude, p
number of contractions.

ressure in cm of water.

Mol mean emplitude, pressure in-cm of woter.

P value: obtained by Student's

t test; comparison
with the base line.
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ve&-as the intestine became vivid pink in colour due to peacti—
ve hyperemia., Irregular spastic contractions took place for 2
few minutes but this motor activity did not propagate to the
distal healthy intestine (Figure 27, 28). The biopsy taken dis-
tally to the recording catheter showed consistently severe da-

rnage corresponding to the grade III or IV of the classification
presented in Ckapver I, paragraph 11. The mucosa of meny villi
was completely sloughed o022 with accumulation of the debris in-

o the lumen. In others mucosal lifting end separation without

complete detachment was evident (Figure 29, 30, 31). Careful

neural ganglia of the myenteric and submucous

1]

exaninztion of +th
nlexuses revealed no evidence of damage on light microscopy. The g
Zlissl granules had a normal appearance and there was no sugses-— »
tion of cytoplasmic vacuolisation. The nucleus of the neurones
scemed unaltered. At laparotomy 24 hours later the segment of

clomped intestine and its mesentery appeared severely cdematous.

mal loors and the

e

ed intestine was darker than the nor

merxedly swollen mesentery was covered by a 2ilm of opalescent
fibrin, Hovever normal arterial pulscition wes cbserved. Lt 48
71

hours the chonges were essentielly similar, but less severe., The

arteries were exarmined carefully fcr the presence of z thrombus,
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CF ARTERIAL

BL.OCD FLOY

FCOR 1 HCUR. GRADE IV DAMAGE.

The muccsa is comzletely slouzhed ints the intestins? lu-
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Ficure 30.
THL IHTESTINAL MUCOSAL LISICH iFmVD THi INTERRUPTION OF ARTERIAL

SL00D FLOY FOR 1 HOUZ. GRADE ;II DAMAGE.
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cells by 24 hours. These cells were extremely friable and often
the tips of such villi were devoid of any cellular covering
‘layer (Figure 32). In the control dogs the main feature obser-

~

nfiltrate of mononuclear

.

ved at the end of 24 hours was an
cells in the stroma of the tip of the villi. Cften there wvere
smzll defects in the continuity of the mucosa at the tip of the

villi with occasional areas of mnild lifting of surface cells

4). At 48 hours the mucosa of the clamped and un-

LY
Iz
e

3
jor
H
Q
w
W

Aty
W

clamped bowel vwas almost identical in appearance with a few scat-
tered small defects at the tip of the villi (Figure 35, 36).
The spontaneous motility of the control and clémped segment

is described Pfor each dog of both groups in table XX a, b, & c,

s

and in figures 37 to 44. Méasuremenﬁs at 48‘hours post-operati-
vgly vere performed on 2 dogs only in cach group as the 2 others
were sacrificed at 24 hours in. order to follow the progress of
healing of the mucosa in the ciemped segmenﬁ o? intestine.

?Lnn the maximum amplitude, the mezn amplitude and the num-
ber of contractions are considered, the general trend in the con-
trol dozs is obvious. There was nc spontaneous motility threé
hours afber closurc in all of the control dogs. In 3 out of 4

s this complete standstill extended up to the sixth and

[}

twelfth hour. One of the cnimals showed signs of recovery at the

.
retion wes not deteected

(%]
H
(o]
(2]
=
(‘3
(J

le for the others
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4
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Zable XX a.

LIS SPONTANEOUS MOTILITY IN THE CONTROL AND CLAMPED INTESTI

AT
Ndhe

time vave charac—  dog number, conbrols dog numbér, clamped
teristic 1 2 3 4 5 6 7 8
pre—op, Tr. 15.0  13.7 14.7 14.0 15.0 .0 13,0 0.0
HxL A 72.0 60.0 40.0 80.0 84.0 0.0 120.0 0.0
. Ctr. 112.0 44,0 29.0 80.0 101.0 0.0 115.0 0.0
lic.A. 20.4 24,4 10.3 22.4 29.0 0.0 3%9.4 0.0
3 hours Fr, 0.0 0.0 0.0 0.0 14.0 13.0 0.0
post-on, Mx, A, 0.0 0.0 0.0 0.0 20.0 10.0 0.C 30
W.Chbr. 0.0 0.0 0.0 0.0 55.0 58.0 0.0
el A 0.0 0.0 0.0 0.0 7.0 5.0 0.0 27.

Jote presented as absolute values.

T2
o AN

It 2 .
PR Y IR

H.Clr. s

b '
) L e
Al edae o

freguency, number of woves/minute.

maximum amplitude, pressure in em of water.
number of contractions.

mean amplitude, pressure in em of water.

- 8¢l -




Table XX b.

THE SPONTANEOUS MOTInirx IN THE CONTROL AND CLAMPED INTESTINE.

time wave charac-  dog number, controls | dog number, clamped
toristic 1 2 3 4 5 6 7 8
6 hours Tr. 0.0 0.0 0.0 16.0 0.0 0.0 16.0 0.0
posteon. MK A 0.0 0.0 0.0 32,0 0.0 0.0 16.0 0.0
~ ¥.Ctr. 0.0 0.0 0.0 34.0 00 0.0 10.0 0.0 .
Ko As 0.0 0.0 0.0 15.5 0.0 0.0 8.8 0.0 9
12 hours Tr. 12,6 0.0 0,0 0.0 140 13.0 14.0 13.0 e
1x. A 32.0 0.0 0.0 0.0 60.0 8.0 80.0 36.0
M.Ctr.  43.0 0.0 0.0 0.0 48,0 18.0 47.0 13.0
He. A 10.0 0.0 0.0 0.0 18.7 T.3 33.7 22.2

Datz presented es absolute velues.

Pr.: frequeney, number of waves/minute.

Mxode: moximum amplitude, pressure in cm of water.
H.Cbr.s number of contractbions.

deodet mean amplitude, pressure in em of water.




Table X c.

TIE SPONTANEOUS MOTILITY IN THE CONTROL AND CLAMPED INTESTINE.

time weve charne-  dog number, controls dog number, clamped
teristic 1 2 3 4 5 6 7 8

24 hours Tr. 14,0 12,0 14.5 11.0 15.0 13.0 14.0 0.0

post-on, Mx. Al 60.0 32.0 12,0 24.C 100.0 20.0 52.0 0.0

48 hours

post-on,

H.Cby, 102.0

Hoolk. 16.0

3900 3200 47.0
11.3 6.4

Tr. 14.0 12,0 - -
180.0 2.0 e -
132.0  94.0 - -

50.0 11.7 - e

e
oA,

4'4‘ . 3 5 . 8

60.0 22.0 14.0

31.1

14,0 —u-
40,0 20.0  —.-
50.0 -
13.7 8.2  —.-

vy
Y&

bR

e i -
irivgohe v

N0y

.r oL
PSS W4

resonted os absolute values.

frequency, number of waves/minute,

naximum amplitude, pressure in cm of water.
nwnber of contractions.

meen emplitude, pressure in en of watber.

~ o7l




control animals. The varietions in frequency are more difficult
to internret as no vzlue can be estimated in the absence of any

motor azctivity. Conseguently the sequence of events is &iffi-

resumes. At the twenty; fourth hour 2ll the valuces are decreased

in the +twelfth hour is similarly deereased. 33 contrast the on-
v ~

ly dop which presented any motor activity ot the sixth hour post-

:n‘
)
‘\
£
=]
e

increased freguency. 3ut the measurements per-

formed on this animal later on were ir agreement with the gene-

rel trend., It should be emphasized that no statistical evaluation
-~ .

iz really possible when dealing with the spontoneous motility

ignificant number of zeros observed. However the

0]

beccuse of the

ok

on is different wlen the responses to HCl are considered,

e

uat

@
1

- because they are categorized in different groups according to

presence or absemce of z response and the value of the time lag.

ifferent circum-

[N
[aY]

Thues homozencous sets of resulits obteined in

~

-

staneces cn be compared. Consecguently, i? the genercl trend of

the ontencous motilidy is indicoted, the significance of the-
se variztions in the sfaetisticcl zense of the term is unknown.

The zame roesoning oiplies fc the soontoneous motilidy of the

- -




0P

GRO

I

e M

£

NIROL

Co

(g
Pk

ure 37.

142 -
in
T"?"‘

=

0T

jagn]
TAND

Tm

~

s
>4
[S Ry

~

I

(i
I
[l

e

"surnber o

terns of




g
W

OESeT

PED GROUT

.

-

38.

CL/

Ficure

NEGUS M

e
N el e

5

S0

O

AR

S
BT

A

il
Il |

S gty

5
e

e

_M___N.m_,__g

P

i
Za

I

n terms

i

veney is expressed

Eed
r1e freq

-

o
H



txj
3
c
5
(5]
)
\O

0P THE CONTROL CI0UPD:

—~ o

MATTMUL

H

SPONTANEQUS MOTILIT

AMPLITUDE 7

\;::fize‘,,j{**’ e
R RE Ty

(R

T

i

ARIAI

g 3
P i
oy i




SPCITANEQUS MCTILITY OF THD CLAMPED GROUP: MAXTMUM

m -
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SPONTANEOUS MOTILITY OF THE CONTEOL GROUP: VARIATIONS

I THE NUMBIR OF CCONTRACTIONS.
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Figure 44

SPONTANEQUS MOTILITY OF THE CLAMPED GROUE: VégIATIONS

IN THE NUMBER OF CONTRACTIONS.
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sent in only 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-

s reversed with no activity in 3 cut of 4 dogs. However

1o

gure
some motile sctivity was_presentfinfall the animals by the
twelfth hour. This was not followed by the general trend of im-
nrovenent observed in the control animsls. Thus the sponteneous
motor activity of the clamped intestine comnsisted of an irregu-
lar swvinging pettern characterized by episodes of activity ear-
ly in the post-operative period.

The incidence of responses to HC1l in both the clamped and
the control groups at the different recording sessions is re-
ported in table XXI a & b. iThile the conirol dogs demonstrated
a relati?ely constant progression toward recovery, the animals
with the clemped intestine manifested an irreguler pattern cha-
racterized by the persistence of a certain number of failures
of response during the whole first 24 hours except a2t the third
hour whken a strilking 10 7% rate of responses ?as cbtained. How-
ever this was followed by ar increased Pfailure rate at the sixth

and twelfth hour with 2 progressive improvement thercafier (Ti-

tde
3

gure 45). The charzcteristics of the responses cceurring wit

ninutes zfter stimulation are regported in tables TIT 2 4o e

L))

and in Pigures 45 to 39,

level (31 walue; indiceted in the 42bles onl;- vhen significant)




Table XTI a.

L TNCIDIICE OF RESPONSES TCO STUULATION WITH O.1 N HCI TX TIE CONTROL AND CLAMPED

INTUDPINS. ‘

bine and type of experi~ number of number of respon~ number of respon- no res-—

nent experiments ses within 3 min. seg ofter 3 min.  ponse

pre-o;. control 12 12 (100y) 0 0 |

clampad 12 12 (100%) 0 0 gy

G

immediatoe- control 2 2 (16.7%) 4 (33.3%) 6 (50%) |

1y pest-on. clampoed 2 6 (50:%) 1 (8.34%) 5 (41.7¢%)

3 hours control 11 7 (58.3¢%) 1 (9.13) 3 (27.3%)

posteop, ¢lemped 12 12 (1003) 0 0

6 houvrs control 12 4 (33.3%) 1 (8.3%) 7 (58.3%)

D08L-0. clamnod 11 8 (72.77) 0 3 (27.3%)




Ti0i INCISLIICT

o

QESPONSED

Table XXI b,

70 _STIMNULATION WITH O.1 N HMCl IN TIHE CONTROL AND CLAMPED

INTESTING,

time end tyme of experi-

numbeyr of

number of respon- no res-

number of respon-

montd experiments scs within 3 min. ses after 3 min.  ponse >i'
12 hours control 12 11 (91.7%) 1 (8.34 0 S
oab-01. clemped 12 8 (66.7%) 2 (16.74%) (16.7%4) T
24 hours control 12 12 (1005 0 0 -
post-op. clomped 12 9 (755%) 2 (16.79) 1 (8.3%5)

48 hour control 6 6 (100%) 0 0
;mu‘t----uj_'. elumed 5 (83.3%) 1 (16.7%) 0

i
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Table XXIT b.

ANALYSIS OF THZ RESPONSES OCCURRING WITHIN 3 MINUTES AFTER STI-

MULATIOQN WITE 0.1 .3 HC1 IN THE CONTROL AND CLAMPED INTESTINT;

b) FREQUEINCT.

time Pr. control = Fr. clamped p2 value

pre-op. 14.2 £ 1.1 14,1 £ 1.1
(12) (12)

Immediate~- 14.5 + 0;5; “;_12,6 +-1.0

post—op (2) ()

3 hours 14,5 + 0.4 14.3 + 1.1

post—op (7) (12)

6 hours 14.5 + C.6 14.3 + 0.9

post—-op. - (4) ' (3)

12 hours 14.1 £ 1.6 12.4 + 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

Fost-op. (6) (5)

Jate presented as mean + 33, number of waves,/minute.

(n): number of responses occurring within 3 minutes.
Fr,: frequency, number of waves/minute.

22 value obtained by Student's t test; comparison between
the control and the clamped group. In the case of Pfreguen-
cy none is significant.
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ANATLYSIS

Table X{IT .c.

™

MULATION

n

WITE 0.1

-

OF THE RESPONSES OCCURRING WITHIN

N HC1 IN TUT CONTROL AND

¢) MAXIMUM

AIZPLITUDE,

. «
1iX e ke

control

2

X
FRrS G N

~;

.
0H

clamped

n2 value

Ire-op.

immediate-
ly post-o3p.

2

-

hours

rost-op.

6 hours

rost-op.

12 hours

rost-op.

(e3¢

p1 £ 0.01
(7)
2900 i 4‘7.4’

(4)

37.7 + 10.2

~ ~
P1 4 (Jo".—’z
~ ", ~ - A
24 hours 94.7 + 38.6 85.0 + 11.9 a
v

- - N 1
post-on. (12) (9) '
48 hours 2.2 4+ 73.5 81.6 + 44.7
P ; .
20807, (5) (5)

2otz presentel oz mean + 22 in em eof water,

(n): number of resneonzes oceurring vithin 2 minutes,

otedes mesdmum ornlidude, psressure inoenm ef water.

- - . -~ - ~t. ' . RSP 4 K ¢ -

21 volue obitzined by Situdent’s v tesd; cempurison with the

sre—cnerciive value of ecch rospective zroun.

- - e -~ - T 1 o~ e, P T =

22 vzl obtained By Itudentts t desi; comparizon bebusen

) 8 P % N - g

the conirol =and the clamned groud.
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Table ZIIT d.
ATATTSTS OF T¥8 RESPONSZES 0 22ING e'?ITHEE: 3 MINUTES AT 'Tl.u_..; STI-
HAULATION WITE 0.1 N JC1 TN THL COL.’T-. AND CLAMPZED INTESTINE;
d) XUBER OF CONTRACTICNS.
time ¥.Ctr. control T.Ctr. clamped P2 value
Fre-og. 22.2 + 7.8 29.1 + 6.8
(12) (12)
immediate— 24.5 + 17.7 2.9 + 0.8
1y post—op. (2) (6)
21 £ 0.005
3 hours 16.8 £ 4.7 18.8 £+ 7.9
zost-op. (7) (12)
6 hours 1.5 + 6.2 18.9 £ 3.3
post-op. (4) (&)
21 &£ 0.05
12 hours 12.2° 4+ 8.3 18.5 £ 5.6
rost-op. (11) (8)
24 hours 26.1 + 9.8 21.7T £ 13.7
vost-on. (12) (9)
48 nours 19.5 &£ 5.4 22.9 x 6.2
post-oD. (5) (5)
Deto prezented os mean 4+ S3I.
(n): number of responses occurring vwithin 2 minutes.
Z.Ctr.: number of contrazcitions.
#1 value obteined by Student's t test; comporison with the
zre-oyerctive value of cach respective grous.
xC value obtained by tudcnt’s t test; comperison between
ae contrel arnd t‘*ze clamzed groupn. In the caze of the num~
ber of coxm tr‘.ci‘n ons ncne iz significuent.
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Tigure 49.

THE T ES”O“SEVTO ECL IN TEE CONTROL AND CLAMPED q“OUP:

NUMBER OF COZ 'T-,‘.C"'TC""' |

i.p.0. = inmediately post-operatively.
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p2 value .

ARNALTSIS OF TEE I
MULALTICH TITH 0.1 I HC1 TN
e) MEAN AIPLITUDE.
time lle.f. conirol
re—op. 29.5 + 12.7
(12)
immediaote— 5.9 £ 0.2

1y post-oz.

2 hours

post-op.

6 hours

post—op

12 hours

post—

(2)
p1 < 0.01
17.6 + 11.1
(7)
1 &£ 0.05

1 £ 0.005
46.2 + 12.7

—

(12)

54.0 + 8.7
(8)

p2<L 0.02

p2< 0.005

22 £ 0.01

1 < 0.05
24 hours 0.0 £ 1201 41.2 + 13.5
sest-oz. (12) ()
48 hours 63.6 + 34.5 36.8 + 10.32
ozt-0z (6} (5)
21 < 0.05
Jetvr presented s meza £ 52 in em of waler.
{n): number of responses occurring within 2 minutes.
Ze.il.: mezn zmplitude, pressure in cn o2 water.
31 value obinined by Stuldent's t test; comrairiscen with 4he
pre~goperative value of each respective group.,
2 value chicined by Student's t tesd; ecempurison betuesn
the conirel and the clamged grougz.
- L Cod
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izure 50.
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quency is rather stable. The maximal amplitude is generally
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pressures ore back to normal. The number of contractions anpears

to be decreased between the third and the twelfth hour; however

the latter being included. The recovery of the controls tokes

Xace between the twelfth and the twenty fourth hour. Bubt it is

L}

to be noted that the time lag is increased at 48 hours.

In the clamped group comparison with the pre—operative le-
vels shows a distinctly different pattérn. Immediztely after
the operation 211l the parameters are significantly decreased ex-
cept for the frequency for which statistical confirmetion is la-
cking. Later on 2ll the responses obtained within 3 minutes af-
ter the stimulation showed rather normal characteristics excent

for a tendency toward o decreased number of contractions. It is

stebisticelly sisznificant a2t 6 hours.
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hour, It is of irnterest to nove that it is particularly signifi-
cantly so at 6 and 12 hours with the best performance at 3 hours.

The’ number of contractions ‘have & similar variation in boik

groups. It is therefore not very surprising thet the comtrol
group presents a meen emplitude which is elso censistantly and
sisnificantly reduced vien compured with the clamped group uniil
the twellth hour,

The poramneters describing the responses occurring afier 3

in ne way different

or o muck lengthened time lzg.
ZXIIT.




Table XIITT,
TS DILATED RESPOMNSE TG HCl: CONTROL AND CLAMPED GROUES.
time ond tyre of expe-
e ) T.L- Frn '”Xc.“—c
riment
immedicte~ contrel. -250.0 x 14.1 13.5 £C.7 10.0 =+ 8.4
1y post-om. (2) (2) (2)

clamped  240.0 12.0 16.0
(1) (1) (1)
3> hours control 300.0 14.0 56.0
post-ox. (1) (1) (1)
clamped ~= —— —.—
6 hours control  185.C 13.7 16.0
post—on. (1) (1) (1)
clamped - o e
12 hours control  220.0 15.0 12.0
post—-on. (1) {1) (1)
clanped  245.0 + 35.4 13.0 + 1.4 24.C + 5.7
(2) (2) (2)
24 hours contrcl —— - ——
post—0p. clamped 198.0 + 11.3 12.5 £ 2.1 38.0 1 42.4
(2) (2} (2)
43 hours contrel  ~.- - ~e=
nesT-0D. lamued  186.0 14.0 40.0
(1) (1) (1)
Jeto zresented as mean 4+ 3D, as absclute values vhen n =
(n): number of resnonses Zelored nust 3 minutes zlter
ICL stimulcziion.
Tohas time 1oz, seconds.
Fr.s Tragueney, nusber o? wnves/minute,
o moimus = Sregsure in oem of water,

1

H




CHAPTER III. GENERAL DISCUSSION.

1. CHARACTERISTICS OF INTRINSIC VAVE PATTERNS OF mmsn;

NAL MOTILITY.
a) Technical comsiderations.

Recording the intestinal motility with open tipped cathe-

ters is a well established method._ 52. The necessity of inter~
rupting “the bowel confinui‘by in -a.pi.mé.l‘ experiments and the bulk

of the recording tube é,re the main disadvantages of this techni-

que. A direct influence on motilify by such a foreign body lying
within the intestinal lumen cannot be excluded. Our double lu-
men tube | is somevhat unusual in that a different pattern of
vaves is recor&ed with thé proximal catheter lying on the side
of the tube froh that recorded with the distal catheter which

is mserted inside the Foley. The aha.pe of the waves recozded

with the prox:unal catheter is generally blunter and often the

pressures recorded are not as high wvhen compared with the distal
catheter recording (Figure 17, 18). This difference has been in-
terpreted in the following manner. It was noted that simple
plugging of the recording catheters would cause the recording
of a pressure equivalent to the height of the microdrip fluid
column. The catheter attached to the side of the tube could be
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n5ily plugped by simple contact with the muccsz of the intes-
tine. Thus rather than measuring true intraluminal pressures,
it would reflect the presence of contractions in pure mechani-
cal terme. On the other 'a;a’the catheter encased inside the
Foley catheter. wras preveﬁted from any direct contact with the
muccsa, thereby avoiding simnle plugging. The presence of two

s on cach side of the tip of the outer tube Lacili-
tated the measurement and recording of intraluminal pressures.
The recordings from the distal catheter would thus be a truer
troluminal preéSures as evidenced by taller
peaks and the abscence of dampening. This interpretation was sup-
ported by observations during the clamping procedure. Shortly
after occlusion of the mesenteric arteries multiple contractions

ved

were recorded by the proximal cethe-
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ter. Zowever the tracing of the distal catheter remained flat
indicating that probebly no effective pressures were developed
within {the segment of intestine by these contractionsz. Ifore
nowerful contracitions followed the reestablishment of blood

Lo These were more officient ond variztions in the intrziu-

s - - . - 7 - o J PR A s SN : b ] 2
ninzl pressure were recorded by beotl distel and proximzl cathe-

B A T ~ .- led h -y . - p
metility woz cligys performed on the tracing recorded By the
2 edn et
digteld catheder.
. L -~ 2 F I~ o e nlad e P - . B
Cur culibrotion of 5 oo for 20 cm of wober mokes 14 21221~
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cult to.record the basal rhythm with pressure variations of & .

Lew cm of water only. Fressures lower than 4 cm of water are

actually not detectable, and low preSSures are easily obscured
by movements cr panting of the dog. Such a caiibration was ren-
dered necessafy by the extremely high pressures developed during
EC1 stimulation. Pezks reaching more than 190 cm of water were
occasionally recorded and pressures of the order of 100 em %o
150 cm cf water were guite common. |

The choice of the dog as the experimental animal model is
net devéid.of major shortcomings. The intestine.of the dog pre-,

sents a very thick muscularis layer and consequently is unlike-

1y Yo become distended and develop the clinical features inhe- :
rent to the cdhdition of paralytic ileus in man. Schamaﬁn claims
that the intéétine of dogs subjected to arterial clamping of va-
riadble duiation»gresented the typical pathological picture of
peralytic ileﬁs 131. Similarly 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

"adynemic” ileus is improper if ome refers to the clinical cour-
se of dogs submitted to severe intestinal injury. In the zonirol
group of the clamping procedure the intestine was quiescent for
2 pariod lasting between 12 and 24 hours afier operziion. Hovever

this was of self-limiting duration with progressive recovery of

relatively normal intestinal metility. Further more such = pe~
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riod of guiescence was no@ cbserved in the animals whose intes-
tine had been clamped. In this group no mortality was recorded
énd énly mild disteation was present 2t autopsy when the ahimals
wvere sacrificed. Ali the dogs of the clamped group recovered
¢linicelly as guickly than the controls and were able tc¢ walk
around 12 hours post~opera¥ivély. The sick look of the mechani-
cally obstructed dog was never observed in the animals used for
this study. Thus the clinical observations made on the dog can-

not be transposed to the human. However the model is useful for

the study of the peristaltic reflex and presents definite zdvan-
tages for a study performed in vivo and without anesthesiaz as

the animal can be trained.

b) Spontaneous znd stimulated motility.

“Thether the Miller-Abbott tube, open tipped catheters or

the radiotelemetric capsule were used to estimate intestinal mo-

tility, the majority of studies nperformed in the past were limi-

el

ted to the observation and assessment of spontancous motility.
-4 L
v

Code emphasized how erratic and irregular this type of intes

2l moitor actiocn czn be and recommended procleonged recording ses-

n
. A PP e . 5 L ... - .

sions for sctisfacltory esitimation . Zeinite 2lso0 noted the vo-
- . s s - 53

rizble behovior of ezch individuzl dog . we nade the scme ob-
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significance of the spontaneous motility. Zowever the propulsi-
ve action of the peristeltic reflex is relatively well documen—

ted and kas heen the object of multiple in vitro experimenta-

0
, 78, 80 - 85, 100, 101, 103, 105, 348 ., . . .. . .

do

an evzlugvion of the peristaltic reflex would be o more direct
t

praiszal of the functional status of the intestine than the

simple recording of spontansous motility, and that the difficul-

pathozenesziz of nost~operative ileus. The reasons for such 2 pos-
tvlcte have been exposed earlier in Chapter IT; paragraph 1.
In this perspective it is evident that the spontoneous motilityr
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2., ILHTZS NS AN LUy Lend

INTISTINAL 3:0TOR RESPCNSZS TO VARIOUS CHEMICAL STIMULI.

4 few authors have elicited the peristaltic reflex with
0.1 i ICl and other chemicals in the past., Thomas injected

2 - 4 cec 02 0.1 ¥ ZC1 in the intestine of unanesthetized dogs

>
©
fu

and recorded the motility wit ouble balloon recording sys-

tenm. e reported freguent failures of stimulation and confirmed

the cosy fatiguability of the reflex previously described by

ot _— . 239, 4 | - .. .

Beylies and Starling . Then success?ul, injection of the
o =3 2

cselution betiveen the two bzlloons caused inhibition below and

excitation above. Hukuhara used pieces of filter paper sozked
in 0.1 I ZCL to elicit the mucoszl reflex in denervated loons

? . . . . 81 s ‘ 1

of dog intestine in vivo . The recording was also performed
by the balloon method. Like other writers, he reported an exci-

tatory response 2bove and zn inhibitory response belew the level

cf stimulation. HC1 was =2lso used by Brink, Schlezel and Code

to study the motility of the gastro-ducdenzl junction 240. The

instillation of C.1 X HCL in the ducdenum at the ratc of & ml

per minute caused a significant rise in the duodenal metility.
In our experiznce, we 4id nod observe the high rate of Zri-

E I Iy Y » R P, . .3 2 ~ooan S
insd within 2 ninutes o2%tor ziimulation in 932.3205 ¢f tho cozes.

-

R A g Ty ¥ L ar - - 3 P LT hf o 4 -
Totiguability vwes slso o oreblem 12 the stinmwvlztions wers cor-
- o St = aes - - -
rizd eut tee frezuently. Tor this recseon o urotecel wnz wlciteld
p




in which the stimulestions were spaced by intervals of § minutes.
&
ts Zescribed in the previous chapter, the response is peristal-

o

tic in character in that the contractions elicited are propage-
t

.

ted. The response consists of two phases. There is firs

02 increased activity. Our experiment wzs not designed to analy-—

hases, but in conformity with
the avoilable litercoture, it is probable that the injection of

s
ove the in-

9]
)

acid coused an inhibition below and o stimulation

jection site. Thus the recording cetheter located below the si-

lasting until the peristaliic wave of excitation reaches it. I

this concent is volid, the time lag would represent an indirec
measurement of propagedion velocity. The normal response is gui-

te variable from arimal tc animel, each dog having his owmn ran-~

jal
[\
V]
o
o]
-
.\‘
.
(S
&)
(0]
o
o
nd
I
v
“

5. Thus the time lar voried Pron

41

e . Cas - .
the moximun amslitvdée betireen 52.Z2 and 1§
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luningl oressures. Xost recent evoluations have been performed

52
- - = ] 0 -~
with extraluminel transducers end are revorted in grom-Fforce 7.
They are consecuently not directly comparable with our resulis.
Irice meports pressures in the upper jejunum with meaks well
. wr. 243 e, Tkt . -
over 40 mm Ilg . Fiott obtzined pressures reaching 200 mn Ig
e s o . .. 86 . .
in Thiry~TVelle ileal segments . Cur own recerdings are in 2
similar ronse to those mentionned. The frequencies mentionned

above are in close azreement with the figures measured by other

workers on the dog intestine below z duodenc-jejuncl znzstomo-—
297
sis 774,

Then compored with the srontaneous motility, it ecpneared

that the meximel amplitude of the recssonse Ho HCL was in the

seme range {(Teble VI). This indicates that IC1 Coes not cause

"sunercontracticns" and that the pressures develoned during the

aover our methed of
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The effect of the injection of 2 bolus of 5 cc 0.1 ¥ EC1
vas plotted sgainst the results oblaeined following a similer
injection of Ringer's lactate. That was felt Yo be a respon-

cases. In

=y
e
B
N
w
.
00
N
o
)
o+
51
o

se after Ringer's lactate appeare

"~

11 wkether +the intes-

-

©

all the others no change was recorded at
tine was active before or mnot. L "volume distention effect” can-
not be excluded in the tracings presenting the features of &
response, i.e. the presence of & time lag followed by a motor
actifity. Hovever comparison with the HC1 response shows that

the maximum amplitudes are sisn'_icantlj lower. If the time lags

are considered {(Table VII), the tendency is toward a lengthening
though it is not statisticelly significant. Thus despite 2 vo-
lume effect, the chemical action of HZ(Cl is reflected by a higher
predictable incidence of responses, a higher maximum amplitude
and perhaps a shorter time lag. Fukuharas demonstrated recently
that the propagation velocity is related to the megnitude of

245

the intraluminal pressure . According to this concept a shorter

time lag after HCl stimulction would be anticipated.

Cooling the duodenun results in ez decrecse in the rote of

.. . 222 .
besic intestinzl rhythmic contractions . Decrezase in total

150

B LA

ok

ect oz sho

o+
[$:]
b
[}
£}
3]
¢
<t
o]
}-i
(5]
i
19
[¢]
ck
by
©
0]
£
=
[B]
(D
;,

o
H
o
<
L
»
o}
e
o
o
13
T

[
H
[WH
[©]
o+
e
y ot
('\
e
{

recent report described the inhibition ¢f eszophe

(=N
3

n the experimentel situation Jeseribed

)

this study, it is reezonzhle to postulate that the injection o

k!
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. o .
5 cc 0f 2 solution at 20 °C might cause sudden

cosa and thus a certain degree of inhibition.

3
fT]

. . 4
by the increased feilure rate observed (15%).

N
7]

tioned earlier these
and are conseguently cf doubtful significance

corded after stimulotion with cold IZCl have o

cooling of the mu-
This is supported
Eowvever as men-—
the same animal

. The responses re-

tendency to have

2 higher maximun amplitude and a higher mean amplitude. ¥o sa-

tisfactory explanation could be found for

this trend which is

is probably =

Despite its variability the response to XL
more direct and more reliable way of testing the motor Ffunction
2 the intestine than the simple recording of

237

; conversely zn empty

the spontaneous

Thus stimwletion studies ars possibly = mere logical aprroach
to the understonding of intestinzl funciion since the stimulus
ean be siandardized and the response guantitated,

This conceyt finds some supgort in our observations on the
relstionshics between the soontaneous metility and the responsi-
veness to IZCL1 stirulation. Toltol abzence of any spontaneous me-
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recordings of the clamping experiment (Figure 37, 38, 41, 43,

ded pre-opersatively in 2 out of 4 dogs. Zowever they all res-
ponded snectacularly to HCL (Table XII).
The analysis of the different components of the response
o & ' )

to HCl appear to be only moderatly informative. The increase in

the height of the maximum arnd mean amplitude 211 parallel gros-
ions of the rate of failure to elicit-responses
rates 2lone provides a fairly good indication of the performen—

v o

, the decrease in the number of contracitions and in

e RO AE T
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It is interesting to note that the response to 2 bolus of

HAC1 was not depressed afier perfusion with EC1 (Table XVI). Thus

the intestine reacts differently depending on vhether the acid
dly =2s a bolus.

Perfusion with xyloczine 10 ° was followed by what secemed
to be a biphasic effect. The first 5 minutes of perfusion are
2ollowed by a normal or perﬁaps an increased motor activity. The
second 5 minutes are characterized by a complete’inhibition. The

rall result is a significant decrcase in the numoer of con-
tractions. The recordéd maximum amp1itudes were also generally
decreased, but this {trend did not receive .statistical confirma-

tion. As for ELL this definite inhibition following xylocaine

-
D
[0}

™

rfusion contraests with the stimulation caused by a bolus

Fylocaine 10 nerfusion 1ts in o definite iphibition
of the response to 5 cc of 0.1 ¥ HC1. The feilure rate of ZC1

stimuletion is increased to 257 after xylocaine nerfusion, and

<

half the failures toolk place 5 minutez ofPter the end of the »er-

o

The erperiment does net 21low any conclusions on the mecha-

nism of zction of either xylocaine or ZCL. ylocainme iz robably
9:'?
4 2 e qsvs e e Al
chssrhad cnd the inhibition involves srobzbly bo the
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fashion. They first cause depolarisation and then hypexrpolo-
. s o a1 248 - . . : .
risation of the membranes . The depolarisation nhase is

s g

asscciated with an hyperexcitable stote which might be reflec-

ed by the persisting cor incrensed motility of the first minu-
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tes of perfusion. Cnce hyperpolarisat

Iyleczine is kmown to he 2ble %o stimulate Girectly
. 4. 24¢, 250 .. 14 . ‘s
smootl muscle . This could also explain the motility not-
tern observed during the Pirst few minutes of perfusion.
Tsloceine is usually under the hydrockloride =alt form.
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125 become effective.
7o are unable to offer any sz
aprarently opnosite effect of the perfusiorn and of = bolus of

xylocaine. ot enouzh esperiments have been performed with 2 ho-
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effect, Zowever these observaticns suggest a similarity betliween
ER Do

the effeet of ZLY znd xylocaine. It is wessible that ZC1 hzs o

very weak local znesthetic effect.
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Cxybarbiturates tenl 1o reduce the tonus and the enplitude




of rhythmic contractions. This is due to a peripheral as weil
as to a éentral effect. The peripheral effect involves a mild"
local znesthetic action on the cell membranes gnd nossibly the
release of noradrenaline from the cdrenergic nerve endings. 4n
hypermotility state has been suggested on emergence of barbitu-
rats induced sleep 248, 251

In our own experience, immediate inhibition of spontamneous
motility was noticed after intravenous injection of pentobarbi-
tal. Similarly a very poor res?onse Yo HC1l stimulation was eli-

cited under MNembutal anesthesia with minimal improvement as ti-

me elapsed. The effect is mainly charascterized by an increase

geg

n the failure rate of the responses o ZC1 stinulation. The res-

e

ponse itsel?, if present, shows a much lengthened time lag, =

decreased maximum amplitude, and z smeller number of contrac-

tion until the dogs are completely awvake. It certeinly plaeys a




4. RWLLTTICIISEIER BETVEZIT MUCOSAL ITITHGRITY AWD INTESTTNAL

2 e @

MCTILITT
EE )

a) The 2ffect of acute ischemiz and destruction cf the in-
tesvinal mucosae on mobtilit,

r occlusicn of the mesenteric arte-
2ollowed by the omset of spestic contractions. Similar

observetions have been reported in the past by Schamaun, Job,

-
W

“ 0, 131, 252, 253 .
ynd others ? ’ ? . Zeestablishment of blood flow
ssociated with slow spastic contractions which persisted

n accordance

[WN

longer than after the onset of ischemic. This is

- 132
port by Zfass .

o

with & previous T
The post-operative pattern of the motility in the control

and clamped group is very different. If both the spontaneéus

motility and the response to ZICl are considered at 3 hours, all

the controls show o severe depression of activity, while most

©

of the clamped segments are spontoneocusly active and nresent z

<=
nermuel response to IC1. Thus an hynermotility state is cresent
in the clomped group, influencing 2ll the poeremeters of the mo-
ti11ity measured in this study: spontaoneous metility, incidence

& Zecreasce in the frequency (the parsometer usuelly lezst




influenced in this study) of the contractions was noted in ‘the
clamped group immediately after operation. ALlvhough not statis-

ticalls sienificant in our study, +the reduction of frecuency is
J =3 J 2 <8

. 131 . . .
vigated by Schamaun end is belicved to be duc to functional

. . . o s . 148, 149 ot
alterations in the intramural j;lexuses . After o short
nmericd of ischemia recovery is rapid and the frequencies recor—

aoed ot 3 hours were 211

control dogs dropned 2 days after the operation, an cbservstion
which we are unable to explair. Iinecker described an unstable
o B - . . 254
Proguency pattern following lararctomy in the dog . Sxcept

Por the observations just mentioned, the frecuency pottern of
the control dogs does not confirm tiis report. It is felt how-

ever thet an irregular pattern was present in the clamped group
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ure 47). These interpretations should be accept

cause of the presence of denressed motilidy in the Pirst hours
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eur ciperiment does nod sugrest ony explanetion. Depression of
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early during ischemia by Job and wes propo

for the spasms which follow the interrupidi
However whether a prolonged instability of

v &

1ty is part of the recovery process is unlm

sed as an explanat
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lished between the le-

gion ¢? the mucosa and the sponianecous motility or the response

Tisure 32). The functionzl canacity of

decreased though this hos not heen proved.
. . - 162, 256
coreement with previous studies ’ .

~establishment of the mucosal demagze the intesbine manifested a

normal raocponse to HC1 (Figure 45 — 50). T
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Cur experiments provide very little informetion on the me-~

acticon of ZCL in »nrovoking a metor response in the

o]
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Ly

‘Y\
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o
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cenine intestine. Tukuhars describes the peristaltic ref

ained with such o stimulus as a "muccsal" reflex as opposed 1o

the "musculzar" reflex which is elicited by stimulation of the
Tt " - . ' .
nuscularis from the serosal side . The term is somevhsat mis-

leading because there is nc evidence thet HCLl acts specifically
on the mucoszal cells. Data accumulated in this laboratory heve

shown that the Z' ions deposited into a closed loop of canine

Jejunum in vivo are rapidly exchonged for sodium, and this is
) e . n - o P aF s

cecompenicd by o wildcspread hemorrhagic enteritis. The I ions
are thus possibly resorbed ond might have an cction on deeper

s guiclk dispersion throughout the gut.

L oginilarity between the action of IC1 oand lecel snesthe-
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The physiclogicael integration of the different anatomical
compenents of the intestinal wall is still poorly understood
fespite numerous studies using vorious technigues. The basic
meckznisms re

of one layer of muscularis over the other have been described

only recently with in vitro experiments and pharmacological
anclysis. Zorever the 2litcretions which might affect these me-

ompletely uwnlmown. Attempits to
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iseclete cnotomicnlly and functionely one structure of the in-
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hout caemcging the others involve enormous technical
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difficulties and explain this lack of information.
The inedeguacy of the presently aveilable animal models

rowback in the understending of the pathoge-
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Unfortunctely the zoucity of the dats concerning these syccics
znd thoir cost have prevented their mere exbensive use in the

ladoratory. Fulure elleoric sheunld probaebly be directed towawrd

the Zevelopment ¢f o preper cnimel medel ¢f post-operciive
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6. CCNCLUSICKS.

1. & reproducible response to the stimulation of small in-

testinal peristalsis could be obtained through the injection of

it
-

5 cc of 0.1 ¥ EC1l in the lumen of the upper jejunum in the dog.
Comperison with control injeétisns of Ringer's lactate indicate
that the response is due fo the chemical action of ECI1.

2. The functional abilities of the intestine cen be estima-
ted by the study of the incidence or fazilure rate of its respon-
se to HCl injection in different experimental circumstances. }o-

re detailed information can be obitained in this respect by the

znalysis of the characteristics of the intestinal motor respon-

self, The wave pattern of the motor respomse can be quanti-

ck

se i

()

tated by measuring the following parameters: the freguency, the
amplitude in terms of the intraluminel pressure develogped, both

mzximum and mean, the number of conitractions, a2rnd perhaps most

mentionad ebeve. The failure rzte of the resgonse 2lene thus sp-—
rezrs te he z foir index ¢2 the Cunetioncl conditicn ¢? the in-
teztine zs far oz motility, iz econcorned,

3. The resgonse to the imjeetion of 5 cc of J.1 T IICI s




51~n1flcunt1v inhibited by previcus perfusion with xylocai-
ne 10 7, by intravenous injection of Nembutal (Pentobwr al),
or following laparotomy ard dissecticn of the vessels supplying

the studied segment of intestine without impediment to blood
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ted a2geinst control measurements determined in

roun ¢f animals which underwent a "shem” cperation. The. con-

tween 12 and 24 hours post-operatively. This inhibition of the
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motility was sel? limited and canno

5|

logical changes and comnseguences of zarslytic ileus in' man. In
the ischemic segment of intestine, the more severe degree of in-
jury was not reflected by 2o comparable increase in the degree

nbib of intestinal motility, but rather by

[wN
H’

or duration o? it
an hyperexcitable state followed by 2 pericd of irregular reco-
very of metor activity.

5. The experiments Pailed to demonsitrate zcny zelective ac—
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