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SUMMARY

The "well being" ot the gastrointestinal tract
is maintained by the interplay of several tactors,
notably diet, pancreatic and biliary secretions and
gastrointestinal hormones. These same factors may
be responsible for enabling the organ to adapt to
changing circumstances.

To date, most of what is known about
gastrointestinal adaptation has been derived +rom
animal experimentation and the progress in this
field has, to some extent, beern limited by the
suitability of the animal models. Une such example
is the adaptive response o©f the 3astrointestinal
tract to small intestinal obstruction. Whereas a
wealth of intormation exists regarding adaptation
to acute obstruction, knowledge ot the changes to
the chronic event is limited.

The first aim of the thesis was therefore to
further develop and modify a reproducible model of
chronic small bowel obstruction in the rat.

The study was then extended to investigate the
changes in both the proximal (1.e. pesophagus,
stomach and proximal small intestine) as well as
the distal (i.e. distal small intestine) bowel to
obstruction. In additicon, the presence and absence

of food bulk on these chanqes was also

1e



investigated. The gastrointestinal hormone profiles

under each experimental condition were also

identitfied.

)

It was found that:
Arn  increase 1n oesophageal weight occurred
following a high small bowel obstruction. Other
levels of small bowel obstruction had no
noticeable effect on the oesophagus.
The response of the stomach to obstruction
varied with the site of the small bowel
obstruction. A high obstruction produced a
marked dilatation of the stomach. A mid small
intestinal obstruction generated marked gastric
muscle hypertrophy.
The jejunum and the ileum behaved in a similar
tashion in that both showed an ihcrease 1n
weight and and in  luminal circumference in
response to obstruction. However the magnitude
of the 1leal response was far greater.
The administration of a low residue diet did
rnot result, during the time period of the
experiment, in a reduction of the mucosal
weight of the gastrointestinal tract. However a
reduction 1n both the DNA and protein
concentration was observed. When this 1ow
residue diet was administered to rats subjected

to a small bowel obstruction, the hypertrophic

17
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response noted in chow-fed obstructed animals
was abolished.

Disuse atrophy of the mucosa was seen in the
ileum of rats with a mid small bowel
obstruction fed on chow. Although some degree
of atrophy did occur in similarly obstructed
rats fed on a low residue diet, the degree of
atrophy was significantly less than that in
chow +ed obstructed animals.

Hormonal assays showed that:

a. Serum gastrin was raised following a high
obstruction and following the
administration of a low residue diet.

b. Serum N-glucagon levels showed significant
increases tollowing mid and distal small
bowel obstruction.

c. Vasoactive intestinal peptide levels were

increased following a distal obstruction.
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PART ONE

REVIEW OF THE LITERATURE




1. Factors affecting Intestinal Adaptation

1. Introduction

The Gastrointestinal tract is a very dynamic
organ with the highest cell turnover oOccuring 1ihn
the small intestine. It should perhaps be stated at
the outset that most of the investigative work on
adaptation has been directed towards the small
intestine. Conseguently most of the work discussed
in this introductory review will, of necessity,
deal mostly with the =small intestine.

A continuous cell movement within the
gastrointestinal tract was first suggested in
1948 and demoncstrated experimentally in the small
intestine a +ew vyears later®. This movement
consists of a rapid cell production in the crypts,
rapid migration of cells from the crvypts to the
villi and exfoliation of the epithelial cells at
the tips of the villi (Fig 1). In addition there is
cellular differentiation from a proliferative to a
non-proliferative (secretion/absorption) state
during transit +rom the progenetic to the

functional compartment along the villus®-2, It has
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Schematic representation of the functianal

compenents of the intestinal villus



also beer noted that the size of the villi as well
as the rnumber and lifesparn of the cells composing
the absorptive epithelium decreases gradually +from
the duodenum towards the ileum with the result that
the villus size and the cell lite span in the ileum
are about half the values of the duodenum®-:1°,

One can postulate that the structural
integrity of the gut is under the influence of
‘central’ (hormonal, neural) and "peripheral®
{local) control. Whilst it can be appreciated that
overall changes occuring in the bowel are under
central control the "villus =ize gradient"” that
exists between the proximal and distal small
intestine (81), in spite of the regionally similar
cell production rate, is presumably the result ot
adaptive changes in response to prevailing local
influences.

To date, several factors have been identified
as being important modulators of the intestinal
response to adaptation, the most important being
diet, pancreatic and biliary secretions and the
gastrointestinal hormones. The evidence to support

these factors will now be discussed.



11. Diet

It is thought that the main, although not
exclusive, stimulus to the maintenance of the
structural integrity of the 31 is the diet?,
Borgstrom'2® and later other workerst=, had
realised that in the normal intestine, because of
jejunal absorption, relatively little nutrient or
unabsorbed food remains in  the chyme when it
reaches the ileum. Increased food intake, as in
states of hyperphagiat?, exagerates the normal
response, 1n that there is a general increase in
intestinal mass but with the bulk of the changes
occuring in the upper SI. On these +indings,
Borgstrom concluded that intraluminal nutrition is
important in regulating and maintaining the

differential growth and absorptive capacity of the

Supportive evidence for this hypothesis comes
+rom the observation that following the resection
ot part of the SI, the residual intestine develops
both structural?®-2=-22 and functiocnali®,=23-2«
adaptive changes. The adaptation is always greater

after proximal than atter distal small bowel

24



resection*®»1®:27,22 and the intensity of the
adaptive response is directly proportional to the
length o©of the resected intestine=®°.2%, These
changes include dilatation of the bowel, muscle
hypertrophy, villus enlargement and more rapid cell
migration. Indeed, extensive resections of the &SI
led to a signiticant hyperplasia2®-32 ac exprescsed
in terms of an increase in mucosal weight, DNA and
protein concentration in the remaining segment of
bowel=e.=@=2-34, | ater a differential rise in
protein concentration relative to DNA and mucosal
weight occurs, suggesting hypertrophy of epithelial
cells*=, This +inding has vet to be confirmed. The
net result is that the hyperplastic segment absorbs
larger guantities of nutrient normally absorbed in
that segment*=»2%-3? g,9. increased B,= and bile
acid absorption in the ileum following jejunectomy,
or absorption o+ nutrients normally absorbed
elsewhere in the intestine e.g9. bile salt uptake by
the jejunum +following ilectomny®2-22, Similarly,
the transposed ileum adopts jejunal features
tollowing the operation o+f jejuno-ileal
transposition (Fig 2). This was translated in

marked dilatation, gross villus hyperplasia and

25
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greatly increased glucose absorption/unit
lengthte., =,

The above mentioned findings tend to support
the concept that 1increased luminal nutrition
stimulates mucosal growth. It should therefore
follow that the intestine deprived of luminal
nutrition should be rendered hypoplastic. This has
been borne out {from several studies which showed
that:

1) Fasting*t.®%-44 and protein
deprivation®=-%€ results in decreased epithelial
cell renewalri.9s.9¢, decreased intestinal mases,
villus size, mitotic indext1,3®,41,47 and
disaccharidase activity<ee,=2®,

2) The transposed jejunum, +following the
opetation of jejuno-ileal transposition, similarly
showed both morphological as well as functional
changes!®»24 tpo resemble the normal ileum.

3) Complete deprivation of luminal nutrition
using the Thiry-Vella fistula (Fig 3) results in
the bypassed intestine becoming Nnarrow and
contracted. The villi becawe shorter and more
tongue like (similar to the weaning rat). In

addition, there was a reduction in the mucosal wet



FIGURE 3

Thiry-Vella fistula



weight, protein and DNA concentration==,

Although inanition or starvation of the animal
may be partly responsible for these changes in
small intestinal morphology, they cannot be
considered to be major contributary <factors for
this situation, as a similar picture of mucosal
atrophy ig also seen in rats fed
parenterally®se-ss,

Interestingly enough although similar atrophic
changes occur in both the bypassed jejunum and
ileum, absorptive function of the jejunum Ffalls
commééurately with the degree of atrophy, whereas
no suchk change occurs in  the ileum. Although =a
great deal of data in the literature indicates that
a positive correlation exists betwesn villus
height, mucosal surtace and rutrient
absorptiont®»=<.%” np absolute proof exists that
alteration in villus height results in a similar
change in the total absorptive capacitys®e-<o,

It would seem from the above evidence that
luminal nutrition does play a wmajor role in the
maintenance of the gastrointestinal tract. The mere
presence of nutrients is however not sufficient to

prevent atrophy. Solutions wused for parenteral

27



nutrition +ed orally®*~-e> and administration of
elemental diets®% result not only in come degree
ot atrophy as compared tao chow {fed controls but
prevent the morphological and functional adaptation
seen 1in the small bowel of rats and dogs after
jejunectomyt=.=2, The addition of bulk to the
elemental diet<® did not prevent the reduction of
the villus size, but it did cause a small increase
in cell renewal which was still lower than that in
chow-fed rats.

On this evidence, one can conclude that the
nature of food itself or a stimulus produced by it
may be responsible +or some modulation of villus

adaptation.



111. Pancreatic and Biliary Secretions

The nature of the food provided to the animal,
as distinct +rom glemental hutrition or bulk,
plays a major role in the maintenance of the small
intestine. Several reasons may be put forward to
explain this occurrence. One can postulate a food
factor or a breakdown product of food digestion,
but as can be seen from the above, atrophy of the
mucasa still occurs after the ingestian ot
elemental diets or parsnteral nutrition fluids.
Digestive secretions or hormonal stimuli caused as
an integral part of digestion may be implicated.
The evidence +for both these factors is strong and
will theretore be considered.

Altmannt® showed that following the
transposition of a jejurnal segment into the ileumn,
the size of the villi in the transposed segment
become reduced to the size of the adjacent ileal
villi. The converse of this also hDidS true so that
when a segment of ileum is transposed into the
jejunum, the wvilli in the transposed seqment
increase to the same size o0f the jejunal villi.
These experiments indicate that local extrinsic
factors influence villus size, because with tissue

intrinsic 4actors alone, the villus size wou'ld not

29



adapt in the transposed segments. These extrincic
factors are able at least to ‘enlarge’ or
'decrease’ villus size and thus maintain the
"villus size gradient”., It seems unlikely that the
wall of the jejunum or ileum elaborate these
tactors, because i1f they did, the initial wvillus
size 1in the trancsposed segments would be
maintained. The most probable source for this
factor is the intestinal chyme. This suggestion was
contirmed when it was shown that when a duodenal
segment carrying bile and pancreatic secretions was
transposed 1into the 1leum, the wvilli of the
transposed segment remained unchanged. In addition
the distal ileal villi adjacent to the anastomosis
increased markedly. Similar and lasting effects
were seen in the ileum when a blind sac of duodenum
(containing the duodenal papillal) or the duodenal
papilla itself=®®.4«.€” uas anastomosed to the

ileum or when an entero-entero anastomosis was
created betweern the duodenum and the ileum.
Preliminary data suggest that chronic stimulation
of pancreato-biliary secretion by cholecystokinin
and secretin may prevent intestinal atrophy found
in dogs maintained exclusively by intravernous
alimentation<®, Since the duodenal papilla

transmits both pancreatic and biliary secretions,

it would seem that one or both of theze substances

30



are involved as the villus enlarging influence.

When the bile and pancreatic ducts were
anastomosed separately to ileal segments, those
segments receiving the pancreatic secretions alone
exhibited the same morphological changes as those
seen atter ampullary-ileal anastomosis. 0On  the
other hand, the 1leal segment receiving bile only
showed no change<s<,

Administration of fresh hog bile into isclated
ileal loops resulted in no significant
morphological change, a9ain confirming that bile
exerts no effect on gastrointestinal morphology. On
the other hand, infusion of hog pancreatic extracts
or  ’pancreatin’ (commercial pancreatic extract
preparation) into isolated ileal segments resulted
in marked mucosal hyperplasia<®.

Regional variation in the villus size may
therefore arise from one of two factors. This mav
be the sole result of the villus enlargement factor
and its eftfect is maximal in the duodenum where i1t
is released. Its eftfect wanes as cne proceeds in an
aboral direction with little or no etfect being
exerted in the distal ileum. On the other hand, a
separate villus reducing factor, possibly arising
in the ileum, may be implicated. Following the
formation of isolated loops of i1leal and duodenal

segments, the villi in the jejunal segments were



reduced and the ileal villi were increased to the
size of the villi normally 4ound in the upper ileum
{(medium sized villi)?*e, thereby suggesting that
under functional conditions, mere lack of the
enlargement factor does not explain the reduced
size of the ileal villi.

The main difference between 1leal and jejunal
conternts is the abundance of fat, bacteria, bile
acids and pigments and the slower peristaltic
activity in the former”©-71, In addition a large
amount of exfoliated cell material is found in the
ileum®. Bacteria and their degrading action on
food seem to play no part as the infusion of
bacteria cultured from ileal and caecal contents
into jejunal segments produced no reduction in
villus size. Furthermore, germ +free reared animals
show the same villus size gradient as controls”=2,

The nature of the intestinal contents again
have no effect on villus size but the presence ot a
large guantity of bile, as produced by ducdenal
obstruction, resulted in a progressive decrease in
villus size towards the obstruction, with the villi
adjacent to the obstruction being reduced to ileal
sized villi. The same effect on villi is rnoted when
bile is instilled into ligated intestinal loops<®.

The mechanism of villus reduction by bile can

only be speculated upon. Direct damage to the villi
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can be excluded because villus tip damage
characteristically produced by wunconjugated bile
salts was hot seen”®. A more probable mechanism is
the possible lowering of the rate of protein
synthesis. Cholesterol and fat, together with bile
salts are absorbed through the i1leum”2-7<, Fat
transport, which reguires protein synthesis?s.77
is closely related to the endoplasmic reticulum”®,

It would therefore seem that increased formation of

chylomicrons and tat transport, which are
facilitated by bile salts, would exhaust the
capacity of the epithelial cells +for protein

synthesis. Lowering the rate of this synthesis
would be expected to shorten the lifespan ot the
epithelial cells thereby leading to shortened villi

in the ileum.
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iv. Hormonal Influence

As already discussed, depriving the small
intestine of food as in the course o+t parenteral
nutrition®s.S0.52-5% or tptal starvationti.<4i-<4
causes mucosal atrophy. Even when the solution for
parenteral nutrition was +fed orally, mucosal
atrophy occurred<:t-<=2.:2%_  Hpwever when Thiry Vella
fistulae were created +rom the proximal small
intestine of rat, oral as opposed to intravenous
feeding maintained the total 9ut weight, mucosal
weight and DMNA content of the bypassed gut®°. The
maintenance of gut mass within the bypassed
fistulae is clearly not due to direct contact of
intraluminal nutrients or pancreatic secretions
with the epithelial cells but rather to factors,
possibly hormonal, initiated by the interaction of
the diet with the small intestine in continuity.
The idea of a humoral involvement has been further
substantiated by vascular parabiosis technigues 1in
pigs®® and mice®=2,

Several agastrointestinal hormones may be
involved. Much attention has been focussed an
gastrin as it was noted that unlike the Thiry Vella
fistula experiment, where normal serum gastrin

levels are maintained, the other akbtove-mentioned
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experiments (i.e. starvation and intravenous
teeding) share a common decrease in the levels of
antral and serum gastrinS%.7®.81,

Gastrin was originally isolated by Gregory et
al®2 from porcine antral mucosa and tentative
evidence for its trophic action was initially
suggested when an association was made between the
Zollinger-Ellison syndrome and hyperplasia of the
gastric and duodenal mucosa®®. Further supportive
clinical evidence came from the work of Lees and
Grandjean®®. They described complete mucosal
atrophy in the gastric remnant of healthy
post-antrectomy patients. A similar picture was

apparent in patients who underwent partial

i

gastrectomy for duodenal ulceration®s, These
results cannot be explainsd on the basis of disuse

atrophy, for vagotomy and antrectomy both decrease

m

acid by about 60%, yet only minor degrees of

m
m

mucosal atrophy occur atter vagotomy®<,

In 1969, JDhnsoﬂ’é observation that single
injections ot the analog pentagastrin resulted in
stimulation of protein synthesis in the gastric and
duodenal mucosa®?, laid further support to the
trophic action of gastrin. Since then, this trophic
activity on most areas o©of the gastrointestinal
tract have been well documented®®.8s8®,

It has been demonstrated the pentagastrin

w
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stimulates both in wvivo®e and in vitro®?
incorporation of amino acids into duodenal and
gastric rmucosal protein. DNA®? and RMNA®=
synthesis was increased. Gastrin has also been
shown to stimulate the in vivo uptake of =3H
thymidine into canine gastric mucosa®® and to
increase the total amount of DNA present in the
gastric and duodenal nucosa ot antrectomised
rats®4. In contrast, antrectomy, which removes the
major endogenous source of gastrin, results in a
loss of DNA and RMA from the gastric mucosal
remnant and the duodenal wmucosa®* resulting in
massive mucosal atrophy®S. Short term pentagastrin
administration restores both the RNA and DNA
content of these tissues to normal or near normal
levels®? and can maintain normal acid secretion in
patients who have undergone antrectomy®<,

The trophic effects of gastrin are related

mainly to the gastroduodenal area. However the rest

ot the gastrointestinal tract may also be
atfected®” although the present evidence is
egivocal®*»®®-102, Nptable exceptions to the

trophic effect of gastrin are the oesophagus and
the gastric antrum®®.10°,2102,102, Regulation of

antral growth by gastrin would be in opposition te
the general concepts ot endocrine physiology, +for

this tissue is the origin of most physiclogically



released gastrin and this may account +for the
relative resistance of the antrum to atrophy during
experimental deprivation o+ the gastrointestinal
tract of food. MNo effect of gastrin has been found
in liver®”.,%1,102,104, skeletal muscle®”,
kidheygte=2.1035, gpleenl®©®, 105 and testesios,

The trophic effects of gastrin noted above are
apparently restricted to the mucosal laver, at
least in the stomach and duodenum®®, Gastrin did
not increase *2?C leucine incorporation into the
muscle of the oxyntic gland area®® nor did it
stimulate DNA synthesis in the smooth muscle layers
of stomach or duodernum®=e,

Food 1in the antrum i1s the primary stimulus to
gastrin releage?oe<-110, The degree of G cell
stimulation (and therefore of gastrin release) is
therefore related to the presence and type o+ +ood
and the so called "luminal effects" of food could
be explained in terms of their capacity to
stimulate the G cell. Hence during states of
hyperphégia when gastrin levels are high,
hypertrophy and hyperplasia of the mucosa occurs.
Conversely in states of food deprivation, +feeding
of elemental diets or total parenteral nutrition
(TFN), when gastrin levels are low, mucosal atrophy
pccurs. The addition of non-absorbable bulk to an

elemental diet does not influence atrophy as bulk

(4}
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is a poor stimulant to the antral production of
gastrin®®,
The experimental administration of large doses

of pentagastrin over a two week period resulted 1in

pancreatic acinar cell hypertrophyte2, 1211 and
hyperplasia (post hypaphysectomy) 122, Gastrin
would theretfore seem to bes involved in the

mainternance of pancreatic mass whose integrity is
required, as described earlier, to maintain
intestinal cell mass. This would suggest that
gastrin has not only a direct trophic effect on the
gastrointestinal tract but alsoc has an indirect
role by maintaining the bulk and integrity of the
pancreas whose secretions in turn have also been
shown to be involved in gut maintenance.

The evidence for the role of other hormonss is
less well defined. Circumstantial evidence that
enteroglucagqon and/or pancreatic glucagon may be
~esponsible, comes +from ths report that high
circulating levels of enteroglucagon (kidnewy tumour
origin) were associated with small bawel

enlargement and massive villus hyperplasia, which

disappeared when the tumour was removedi®,
enteroglucagon also seems to influence liver
regensration after partial nepatectomy*4,

Exogenous administration of glucagon has however

resulited in a reduction in villus heigkl. and cell

(3]
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migration in the enteric mucosa!l™. This effect is

possibly mediated by the inhibition of gastric
secretion and gastrin release??**, an action shared

witlth the other gastrointestinal hormones of the
same family.

Cholecystokinin, althouah structurally and
tunctionally related to gastrin, is an important
requlator of growth of the exocrine
pancreast*t*i.117,228 pHyt has no known trophic
influence on the gutii®,

Secretin administration, in single doses, has
been shown to inhibit the gastrin stimulation of
DNA synthesis and protein accumulation in both the
oxyntic gland region of the stomach and in the
duodenum®®» 192,  Chronic administration ot this
hormone results in a reduction of the parietal cell
mass and acid secretion caused by pentagastrin
alonet®es12:2, Secretin alone causes a slight
reduction in the parietal cell populationt®® but
has no effect on the weight, DNA, protein content
or enzymic activity of the stomach®®2, This would
therefore suggest that secretin has no inherent
antitrophic effect in the stomach. These effects
reside solely in its ability to counter the
activity ot simultaneously administered
pentagastrin. Panser2®® observed a contrasting

etfect of secretin on the jejunum where an



antitrophic effect (reduction in cell prolifteration
in crypts) can be dembonstrated.

Vasoactive intestinal polypeptide (V.I.FP.), a
peptide of the secretin family, has been shown to
inhibit pentagastrin stimulated DMA synthesis in
the rat colont®e® and may have a similar
antitrophic effect on the upper GI tract.

Other non GI hormones may be implicated. A
reduction in cell proliferation in the jejunal

crypts has been rnoted following adrenalectomy and

this reduction may account for the
malabsorptiont?®24 and reduced mucosal alkaline
phosphatase®*®S noted in this situation. An

acceleration in crypt proliferation is seen in the
small intestine after treatment with high levels of
glucocorticoidst=«,

In the intact intestine, the reduced food
intake of both pair +fed and hypophysectomised
animals led to a comparable reduction in mnucosal
mass / cm length. Following resection, however, the
magnitude of these changes (ileum >> jejunum) was
significantly less after hypophysectomy than after
pair feeding and this in turn was less than in
normally fed controls. It therefore seems that the
pituitary does influence intestinal adaptation
aftter small bowel resection since the effect of

hypophysectomy on mucosal regeneration cannot be
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explained by reduced food alane. It may well be
that it exerts its effect by a secondary mechanism,
via its role as & regulator of other endocrine
organs, since it is known that thyroxine!=7.12e

and testosterone?®® alsoc influence crypt cell

proliferation. The pituitary gland has also been
implicated in the regulation of gastric mucocal
growth3e,

Epidermal growth factor (EGF), a polypeptide
containing 33 amino acids*®!, was identified in
the course of studying the nerve growth factor of
the submaxillary gland of micet®=, It has well
defined mitogenic effects in that it causes marked
proliferation ot epidermal and epithelial
tissues?®®, 134 gnd enhancement of DMA synthesis in
various segments of the gastrointestinal
tractt®s.132, In the <=tomach, it is & potent
inhibitor of acid secretion*®7.12® and i capable
pof stimulating growth of the oxyntic gland mucosa
in mature ratsi3®s, It produces the same degree of
growth stimulation as maximal effective doses of
perntagastrin. However, on & molar basis, it is a
more powerful stimulant thar pentagastrin. The
trophic e4fect on the stomach seems to be direct
and not the result of acid inhibition leading to a
raised serum gastrin. This is supported by the fact

that no changes in the duodenal or colonic mucosa
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observed as in the case ot gastrinj in addition,

isg
in contrast to gastrin, the trophic effect on the
stomach ie not inhibited by the concaomitant

administration of secretin®e.
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v. Cornclusion

Luminal nutrition is clearly one of the most
important +factors in  the adaptation of the
gestrointestinal tract. Precisely how luminal
nutrition initiates these adaptive changes, is
guite unknown. Which component of the diet, and
whether the nutrients influence crypt cell
proliferation directly, whether they release local
or systemic hormones with trophic effects on the
intestine, whether they stimulate the secretion of
trophic factors from the pancreas, or whether they
produce changes in intestinal blood flow are facts

which have to be established.



2. Intestinal QObstruction

1. Introduction

The ability of the organism or its component
parts to adapt in normal circumstances, has been
the hallmark of evolutionary success. Adaptation is
not an acute response. The stimulus effective to
produce it must be intense and persistent but not
such as to cause acute organ +ailure,.

The concept ot adaptation can be clearly
exemplified +From our existing understanding of
intestinal obstruction. Intestinal obstruction may
pccur both as an acute or chronic incident. In both
cituations there is an attempt by the bowel +to
adaptation. In the acute phase, rapid
decompencsation of the physiological responcses leads
to organ failure and subseguently death; chronic
obstruction allows a slower and therefore a better
adaptive response until such time as:

1. the obstruction is relieved and normal
function is returned or

2. a steady state ies achieved such that the new
functional demands are met by the new structural

alterations or
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3. continued obstruction finally leads to
eventual organ failure.

It is the second course ot events that this
thesis is concerned with., However, most of the
experimental observations to date have centered on
morphological changes associated with the acute
type of intestinal obstruction and these will now

be reviewed.
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11, Acute Intestinal Obstruction

It has long been established that +following
the onset of acute intestinal obstruction o¥f
whatever aetiology, but without vascular
compromise, the intestinal contents accumulate at a
rapid rate raising the intraluminal pressurel<o;
this in turn leads to wvascular stasis with
concommitant oedema and ischaemic change in  the
intestinal mucosa which if left uncorrected leads
to destruction of the mucosa.

This simplified version of intestinal
obstruction 1is perhaps i1naccurate and reguires
closer scrutiny., Bowel distension is an essential
factor in  the pathophysiology of intestinal

obstruction. Some studies have suggested that the

r

effects of mechanical obstruction in bowel
distention and the level of sustained intestinal
pressure are not impressivet®e.141i, Mgst recorded

pressures ih these situations are low (écm Hz0 in

ratsy 8cm in catg) 192,143, These pressures are

however close to portal outflow and mean capillary
pressure and they may even exceed these pressures
during bowel activity. Ohmar therefore argues that
the combined mechanisms of distention and increased
intraluminal pressure may exert a detrimental

effect on the microcirculation. The literature
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atfords some support to this concept?ai.isz, On
the other hand Mirkovitch?9?® rot only observed low
intraluminal pressure but microcirculatory
investigations in the rat revealed nrnormal passage
of dve to the tips of the villi, thereby suggesting
that blood flow through loops of occluded intestine
was unchanged.

In the denervated +feline small bowel, the
microcirculation was virtually normal 30 mins after
decompression of simple bowel obstructioni=se, It
can therefore be assumed from the above evidence
that, whatever the initial effect, it seems to be
rapidly ameliorated atter decompressiaon, possibly
pwing to rapid and complete recovery of the
capillaries.

The collection of +$luid in the intestinal
lumen after occlusion does not solely result from
the accumulation of gastric, pancreatic and
intestinal secretions that cannot be reabsorbed.

Water and electrolytes are concommitantly secreted

by the intestinal mucosa into the

lumeni<=2,399, 145, Increased intestinal pressure
would be expected to favour absorption and thus any
secretory mechanism would tend to be neutralized,
pr at least reduced*=%, The regulation of water
and ions crossing the intestinal mucosa is under

the intluence of two separate pumps. Ar  absorptive
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pump, which is wmediated by a Na*-K*dependent
adenosine triphospatase, removes water and ions
from the lumen. A secretory pump, which is CcAMF
dependent, counteracts the action of the +First
pumpt2” and Shieldg1<4 has shown, by
unidirectional measurements, that the loss of water
and slectrolytes ics due to increased efflux rather
than decreased influx. This hypothesis is supported
by the +finding of near normal non-electrolvte
transport in vitro and glucose absorption in
vivo“2, Certain bacterial toxins (notably cholera
enterotexin) are known to stimulate the intestinal
secretory pump through their action on &adenylate
cyclase. Fathogenic strains of Escherichia coli are
known to produce a similar effecti<4s-1350, It is
well documented that &a vast number of E coli
organisms are present in  the intestinal 4+luid
during intestinal obstruction and it may therefore
be reasonable to conclude that a toxin derived +from
these organisms may stimulate the secretion of
water and electrolvtes across the mucosa in  the
same way as enterotoxins acti®®.142, This effect
may be mediated via serotoniniS:,

There is some disagreement in the literature
concerning the effects of acute obstruction on the
intestinal mucosa. It has been suggested that,

after acute obstruction, the wvillus height and
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width in the intestine proximal to the obstruction
was either decreased*®® gr increased!®2, Crypt
depth was increased?®2.133 agnd this was associated

with increased cell renewalis=,

On a mwicroscopical basis, none of the
investigatorst4=2,1S2-154 +ound evidence o+
ulceration and the epithelial lining remalned

intact. There was, however, a moderate leucocvytic
infiltrate of the lamina propria and dilatation of
the blood capillaries, but no evidence of oedema.
Brush border acid phosphatase was increased™=<,

Distal to the occlusion, wvillus size and
crypt depth were noted to be either increasedis=
or decreased*®2, The number of villi per  unit
length was reduced. Epithelial cell size may also
be alteredis=,

Kinetic studies indicated minimal change in
the labelled index at the crypts proximal to the
occlusion. No alteration in cell renewal between
obstructed bowel and controls could be fpound distal
to the occclusion.

Information as to the etfect o+t acute
obstruction on muscle tissue is rather scant. The
initial functional respornse is a marked distention
0t the bowel wall to prevent any areat rise imn
intraluminal pressurel<o, thus obviating or

reducing the possibility of pressure necrosis of
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the mucosa. As & consequence of this distention,
the gut wall tension may rise to very high
valuegis=,

It has been suggested®® that in the initial
period ftollowing acute obstruction (i.e. within 12
hr), oedema of the submucosa and muscle coats
pCCcur. Interstitial bleeding follows and ={alaly
disruption and necrosis of the muscularis mucosa
can be seen. By 18hr, there |isg an intense
polymorphornuclear cell infiltrate throughout the
whole of the muscle coats. Eventually, it  the
obstruction i1s not relieved, patchy necrosis of the
muscle takes place leading to bowel perforation and

subsegquent peritonitics.
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111, Chronic Intestinal Obstruction

Most muscular organs react to incomplete
obstruction by dilatation and hypertrophyiss,
Indeed in children exhibiting malformations of the
cloacal derivatives, such organs may be grossly
enlarged and either thin or thick walled. Little is
krnowrn abpbut the nature of the increased muscle
mass. It has been suggested that hypertrophy
represents compensation of the gut and this type of
hypertrophy is associated with an increase in  the
number of ganglion cells; dilatation on the other
hand may represent decompensation and may be
related to a reduction in the ganglion cell
population*=~,

An increase in the number of ganglion cells
has been observed in both ulcerative colitig:s®
and Crohn’s diseasel=S®, when the gut is
overactive. Experimentally, a similar increase has
been observed proximal to a csterosisieo.1s1 It
was initially thought that this increase
represented postrnatal hyperplasia of the reuronal
cells and would cornseguently have great biological
significance. However this observation has been
disputed and whilst ganglion cells may increase in

size as the muscle bulk increasesiS”,1ec0-1es, the
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general conclusion is that nro actual hyperplasia
pCccurstsS7. 145,

The response of muscle in different organs to
increased activity varies, and it 1s still not
clear whether the hypertrophy that occurs after
chronic obstruction is the result of increased cell
size and/or cell rnumber. The increased muscle bulk
in diverticular disease, for instance, is due to
contraction of the bowel wall and hvperplasia of
the muscle cells, viith no evidence of
hypertrophyt<®, Hypertrophy only was involved 1in
stretch induced myometrial hypertrophy in
rabbitse**” and cardiac hypert#ophy in ratst<s,
However both hypertrophy and hyperplasia of csmooth
muscle cells resulted frowm incomplete obstruction
ot the canine uretert*®, rabbit colonss, quinea
pig small intestinet”®-.*21 and rat stomachi”?,
The apparently comntradictory results of different
investigatione may be due to a number of variables
including the methods used, the organ involved, the
type of stress applied and the age of the animal.

The mucosal adaptive changes seen in  the gut
in chronic intestinal obstruction are limited.

Pyloric sterosis leads to marked hyperplasia
ot the gastric mucosa, with an increase of both the
parietal and peptic cell population. Although the

size of the stomach was roted to be increased, the
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antrum:fundus ratio of the stomach was not
sighificantly altered?*”=.

Iintestinal obstruction resulted in the crypts,
proximal to the obstruction, showing an increase in
the total cell count in ascsociation with an
increased mitotic index. Distal to the obstruction,
the villi were reduced in number, the crypte became
wider and diagonally displaced. No change was noted

in the mitotic index1=3,
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2. Conclucsion to Review

Maintenance of the integrity of the gut mucosa
is a complex phenomenon. The literature details the
multiple factors involved in its maintenance in
normal circumstances. A considerable body of
informatiaon, albeit not entirely in agreement,
exists regarding the response of the small bowel to
acute obstruction. As has been argued earlier, the
acute event limits any adaptive changes, Therefore
these reported findings can best be regarded as a
sudden alteration in phvysiology as a result ot the
insult, rather than £ remodelling o+ the
physiological processes to function as harmoniouslwy
as possible in the new enviroment.

Analogous situations in clinical practice
demands early surgical intervention to relieve the
obstruction and reverse the morphological and
physiological events occuring as an acute response.
In the chronic +orm of obstruction, such as occocurs
following radiation induced strictures or Crohn’s
disease, the adaptive changes that do occur are not
necessarily beneficial to the individual. Proximal
dilatation may produce a larger csurface area
resulting in increased nutrient absorption. Distal

atrophy, on the other hand, deprives ithat p=rt of



the intestine of i1ts function in whole or in part.
This atrophy and subseguent malabsorption, may be
partly responsable for the profuce diarrhoea
cccasionally seen in patients after the release of
intestinal strictures,

The theme ot this thesis is an investigation
into the adaptive changes by the gastrointestinal
tract in response to chronic subacute obstruction.
Unlike previous reported studies, attention is
given to the morphological changes in contiguous
cstructures proximal to the small intestine, This
investigation is extended also to identify the
modulating effect of the diet o©on the adaptive
response to obstruction.

Accordingly the following facets will be
investigated:

1. the relationship between the adaptive
response 0f the gqut to obstruction with time.

2. the effect of small bowel stenosis on
proximal structures.

3. the effect of the diet on the development and
maintenance of the adaptive response to
obstruction.

4. the effect ot the diet on post stricture
atrophy.

S. the gastrointestinal hormone profiles in

these situations.
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PART TWO

EXFERIMENTAL WORK




4, Statement of Aims

The aims of the work described in this thesis
were to study the etfects of subacute obstruction
of the small intestine on the small intestine
itself, as well as the oecsophagus and cstomach in
the rat and to determine the effect of diet on such
a respohnse.

The recsponse was defined in terms of!

a. morphological changes

1. morphometry

2. histology

b. functional changes

1. DNA synthesis

2. protein synthesis

c. hormonal changes
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5. Evolution of the animal model

Chronic or subacute obstruction in humans is
not ar  uncommon problem, Common cauvses include
tumours, Crohn’s disease, radiation strictures and
adhesions. The translation of the clinical picture
intc an animal model is fraught with difficulty.
Interest in the development of such a model has
resulted in the description of several technigues.
However these must be strictly detined for the site
o+ obstruction and in particular the tvype of animal
being used.

The technigues of obstruction can be
categorized as:

1. methods which produce an immediate effect;
2. methods which rely on gradual +ibrosis to
induce the obstructive effect.

The use of a ligature to partially obstruct
bowel was first suggested by Ivy*”2 and later
employed by Crean et ali?2, This method was
employed primarily to study the effects of
gastroducdenal obstruction. A bougie of known
diameter was placed adjacent to the duodenum and a
ligature placed around both structures and
tightened (Fig 4). On withdrawing the bougie, a
standard degree of obestiruction could be produced

and using the same bougie, it was assumed that a
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similar degree of obstruction would be achieved in
different animals. Williams et al*3® ytilized the
same procedure for jejunal and ileal obstruction.
In their hands, it produced good results in  that
marked dilatation of the proximal bowel was
obtained. This procedure, however, was assocciated
with a high mortality occuring within two davs.

Earlami®? used the Teflon mesh method to
produce experimental stenosis in the small
intestine of dogs (Fig S). In this method, the mecsh
cutt was placed around the small intestine between
15 and 30 cm proximal to the ileo-caecal valve. The
ends of the cuff were stitched together on  the
mesenteric border without interrupting the blood
supply. A stenotic lesian, Scm long was
established. The degree o+ cstenosis could be
controlled by 4olding the mesh upon itself.

Ancther technigue emlovyed was that described
by Brenti=<, when studying the colonic response to
anal stenosis. The size of the anal lumen was
calibrated with catheters ot known diameter
introduced into the anus without undue +orce. The
diameter of the orifice was then reduced to a known
size with a non-absorbable circumanal suture,. It
was found to be an effective method and was
associated with a low mortality.

In 1975, Gabella??* showed th=t it was



FIGURE &
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possible to induce a gradual and progressive
stenosis of the small intestine by a different
method. The small bowel was exposed and a small
window is cut in the mesentery close to the bowel.
A strip ot cellophane was then passed through the
window and rolled around the bowel so as to form a
ring. This ring was then Fixed with one or two
sutures. The ring was Ffree to move being only
restrained by the mesentery . For a few days after
the operation, there is no impairment to the free
movement of ingesta. Subsequently the serosa of the
gut under the acetate +ilm reacts and proliferates,
+irst anchoring the acetate strip to the 9gut and
then slowly and progressively reducing the lumen of
the intestine inside the ring (Fig &). Impaired
transit of ingesta and stasis within the loop
proximal to the stenosis ensues. A slow development
of partial obstruction is essential for the growth
of the musculature to keep pace with distention, =so
that oral to the sterosis the qut is expanded and
the wall thickened. The process develops within
three to five weeks in the guinea pig.

The animals utilized for the work described in
this thesis were female DA rats. The choice of the
animal was made on the grounds of easy housing and
avaliability in the large nhumbers required +or the

experiment. The disadvantages of using the rat
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"Cellophane strip” method +or inducing gradual
f+ibrosis leading to chronic intestinzl
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include its size and its inability to vomit making
it very vulnerable, in the immediate post-cperative
period, to acute gastric dilatation and death.

0f the technigques described above, the Teflon
mesh method is inapplicable due to the cemall size
of the rat bowel and the long segment of bowel
stenosed. Ivy’s method 1is simple and easily
reproducible. However the small intestine, unlike
the stomach, is unable to 9generate sufficient
pressure to propel digesta through a partially
pccluded lumen. This appears to be the reason for
the high mortality described by Williams!=S® ysing
this method. Modification of Brent’s technigue,
i.e. through and through sutures placed into the
bowel wall to reduce luminal size resulted in a
high mortality due toc necrosis of the bowel wall
resulting in peritonitis.

The procedure using the acetate +ilm, as
described bv Gabella was found to be suitable with
some meditication (see under Study Design). By a
process of trial and error, it was found that using
DA rats, the maximum sterosis occurred at about two

weeks, Beyond that time, mortality rose rapidly.
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6. Studv Design

The experimental animals use throughout the
project were inbred female DA rats. These were
obtained from an established colony within the
University Department of Surgervy, Western
Infirmary, Glasgow.

The animals were anaesthetised using Nembutal
and subsequently maintained on ether. The abdomen
was opened via a midline incision. The site of
proposed obstruction in the small bowel was
identified. A window was created in  the mesentery
adjacent to the bowel.

In the animals randomised to be obstructed, an
acetate tape, measuring 3X17mm, was passed through
this hiatus. The +free ends of the tape were
overlapped to torm a ring and secured in that
position using two sutures ot 23/0 Prolene. In order
to prevent a milking-down’ effect on the ring by
the peristaltic action ot the bowel, resulting in
trauma to the mesenteric vessels, the ring was
anchored to the bowel both proximally and distally,
by two seromuscular sutures of 6/0 Frolene.

The ring thus created, was fashioned in =zuch a
way that the overlap of the two ends was not more

than Zmm. This resulted in an ef+izctive ring



diameter of 4.6 - 4.8mm. This ring circumference is

comparatively much larger than the bowel
circunference. As indicated earlier, however,
cbstruction is rot produced by the direct

mechanical pressure of the ring, but rather by &
gradual process of fibrosis that occcurs in the

bowel wall in response to the foreign material.

Site of obstruction

In the first series ot experiments i.e. those
evaluating the effect of obstruction with time,
three sites +or obstruction in the small intestine
were utilized. These were 1) upper small intestine,
i.e. 10cm +rom the dundenojejurnal +flexures 2) mid
small intestine; 3) ileocaecal junction.

In the second experiment, where the effect of
an elemental dist on the obstructed bowel was being
investigated, one site of abstruction, namely mid

small bowsl, was chosen.

Duration

It has been previously reported?<® that that
the maximum distention of the small bowel in guinea
pigs occurs at about three weeks. Using the DA rat,
maximum dilatation had occurred by two weeks.
Prolonging the duration of the obstruction bevond

two weeks resulted in a wvery trapid rise in
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mortality with little alteration in bowel
morphometry. Accordingly, 3 maximum limit of
fifteen days was therefore set for the duration of
each experiment. Animals were therefore sacrificed
at 7, 11 and 15 davy intervals +For the first
experiment and at ? and 15 davs +or the second

series.

Animal Management

At the start ot each experiment, the animals
were @ weeks old and weighed 16E.6+2.19ms.
Throughout the whole ot the experimental period,
baody weight was recorded on alternate davys. The
controles and the obstructed animals were housed
separately, four to a cage. The cages were made of
moulded polypropylene with & stainless steel wire
mesh lid, Cages with wire mesh floors were emplovyed
for the animals maintained on an elemental diet to
minimise the possibility of coprophagia. Ths
animals were kept in a temperature controlled
animal research unit in which 12 hourly light and

dark cycles were emploved.

Group Size
The number of animals in each ot the treated
and caontrol groups for cach experiment is shown in

Tables 1,2. More animals were used for the longer
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TAELE |

Cateqgory Total HNo Final No Acceptable

Sternosis

LiPs 10 10 10
LiP= 15 14 10
LiFs 15 = o
LeP, 14 I 10
LaFo 14 14 10
LeFa 16 11 10
LaFy 1e 12 10
LaF= 17z e 10
LsFs 14 10 10
Number of CONTRCLS for each category! n = 10,

Table 1llustrating the totel humkber of amimalcs use
during the investigation of the site and duration
of obstruction with time.

duration phase of the experiments in order to allow

for treatment related mertality.



TABLE 2

Cateqory Total No Final No Acceptable

Stenocsis

7 d 16 12 10
15 d 17 149 10
No of CONTROLS +or each categary: n = 10

Table illustrating the total v er of =
dutring the investigation of the effect of diet on
the obstructed bowel.

Randomisaticn
Randomisation, both +or the site and the

duration of the obstruction, was cartried out using

computer generated random numbers. For each
randomised test animal a matched control was
selected thus forming a ‘“"matched pair". I+ any

animal of the "matched pair” did not survive, the
remaining animal was sacrificed and a further

matched pair was used as a substitute.

&6



Feedinhg and Sampling Procedures

Diet
The animals for the first set of experiments
were fed on a chow diet (CRM, Labsure UK) ad

libitum. This provided them with &5 kcal of energy

per dav. The low residue diet emplovyed was
Trisorbon prepared in a concentration o+ 2a
am/100ml  giving the animals 270 kcal/dav. The

appropriate analysis ot each diet is illustrated in

the Appendix Section (111).

Sampling Frocedures

At the completion of the experimental period,
the rats were anaesthetised with ether atter a 1Z2hr
tast. A lett paramedian approach was made to the
abdomen. This ensured that any bowel caught up with
adhesions to the previous midline scar, was not

inadvertently damaged.

Blood Samples

BElood was withdrawn from the inferior vena cava by
needle puncture. About Zmls of blood were withdrawm
f$rom each animal and placed in iced heparinised
bottles. The samples were then centrifuged for
10mims at 4©C at 2500 revs min~*, The serum was
then separated and stored at -20°C until the

hormohe assays could be performed.

&7



Tissue Samples

Oesophaqus: A thoracotomy was performed via a
midline incision. The incision was extended through
the diaphragm down to the oesophageal hiatus, The
oesophagus was identified in its subdiaphragmatic
position and traced upwards by a process of blunt
and sharp dissection to the region of the trachea.
The oesophagus was then transected proximally,
immediately posterior to the trachea at the level
of the cricopharyngeus and distally, at the
gastro-oesophageal junction. The weight of the
resected segment was recorded and then opened and
pinned to a board and its length and width noted.
In the specimens where histological examination
was reguired, a 0.5cm sample was taken from the
intact mid-oesophageal region and placed in  formol

saline.

Stomach: The greater omentum was excised. The
lesser omentum and the gastrosplenic ligaments were
then divided. The stomach was then lifted and
divided at the pyloroduodenal junction. It was then
opened along the greater curvature aspect, washed
in ice cold saline and weighed. The opened specimen
was pinned out onto 3r-ph paper using sufficient

tersion to obliterate the mucosal folds. The
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"Anatomy of the stomach of the rat,

irom Bzker and Bridgeman 1954

FIGURE 7

Diagramatic representaztion of the stomach

anatomy illusirating the relative sizes ot the

rumern, fundus and antrum



perimeter of the organ was then traced onto the
graph paper. This allowed subsequent measurement of
the surface area.

The gastric mucosa was then removed by gentle
scraping using the edge o0of a microscope slide.
Complete removal of the mucosa was confirmed bwv
random histological examination of the residual
tissue. Atter placing in a preweighed Fotter
homogenising glass tube, the weight of the mucosa

was determined.

Small Intestine: The first 10cm of jejunum and
the last 10cm of ileum were removed and the
attached wmesentery was carefully excised. The
intestinal length was measured under a fixzed
ternsion ot 1Sgms. The samples were then rinsed with
iced saline to remove intestinal contents, and the
cspecimen weights determined. The samples were then
opened along the anti-mesenteric border, pinned to
& bpoard and the width of the segment determined at
3, 6 and 9cm from the proximal end; a mean value
was thern obtained. The entire mucosa was then
scraped off in an identical +fashion as described

for the stomach and the weight determined.

Mucosal scrapings:. To the mucosal scrapings

obtained above, Smls of ice cold saline containing

6%



EDTA were added. Homogenization was carried out at
40C using 4X6 passes with 30 seconds between each
series o©0f passes as described by Fotter and
Elvehjemt”®. The homoaenates were thern stored at
-20°C until the protein and DNA acssays were
performed.
Measurement o+ the Stencsics
The segment o0+ the bowel containing the
stenotic area was removed. The firnal degree of
stenosis was estimated by passing bougies through
the obstructed segment. This was done to  ensure
that & comparable degree of stencsis was being
obtained at each site for each pericd ot studvy.
Eougies of increasing diamster (Table 3) wer e
passed until a size was reached which was tco larae
TAEBLE 3

Bougie Size Diameter (mm) Circumfersnce (mm)

F é 1.9 )

F 8 2.5 =

F 10 3.z 10

F 12 z.8 iz

F 14 4,% 14

Eougie Sizes
-



to be admitted through the obstructed segment.

The

stencsis was therefore considered to be eguivalent

to the diameter of the largecst bougie
(Table 4).
TAELE 4
Duration Bougie Size
Period 1 F iz - F 10
Feriod 2 F ¢
FPeriod 3 Fo6
fcceptable degree of stenocsis in relation

duration of obstruction.

71
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7. Materials and Methode

1. Introduction

This chapter is concerned with a description
0¥ the various laboratory methods and technigues
used in the analysis o0of the various samples
outlined in the previous chapter.

An account is given of the methods used in the
prepatration of the tissues for standard hicstology
and subsequent morphometric analysis. Brief details
are given of the biochemical methods used for DNA
and protein analvsis and the radioimmnunoassay
methods for hormone assays. Finally the statistical

methods which were employed are described.



11. Morphometric Assessments

a. Morphometry

Morphometry is a useful method of exanining
the morphological response of the gastrointestinal
tract to obstructior. The methods used, however,
are indirect and essentially probabilistic ways of
guantifying bioclogical structures. Therefore the
methods chosen must take into account the size and
the anatomical nature ot the tissue in guestion and
the state of the tissue at the time of measurement.

Several methods are avaliable {for measuring
surtace area both mactoscopically and
microscopically. The macroscopic methods all entail
tracing the outlines of the sections onto paper
{plain, graph or photographic). They differ in the
actual process of establicshing the area enclosed by
the outlines. I+ the outlines are traced onto 3raph
paper with sguares of an appropriate size, the
areas enclosed may be estimated by counting the
number of sguares encompassed. Alternatively the
outlines may be drawn on plain paper or an X-ray
exposure of the tissue obtained and provided the
outlines are not tortuous and the area in guestion
not more than 2cm= a3 planimeter may be
employedi®s, The graph papetr method and

planimetry, though tedious, are time honoured and

~N
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trustworthy. Because of the area and the tortuosity
of the tissues, the above methods were thought to
be unsuitable.

A more appicable morphometric wethod is the
point counting technigque. It can be utilized +for
both microscopic and macroscopic measurements. The
principle employs a lattice of points in a sguare,
triangular or hexagonal array. The "test grid" is
of a known area uniformly covered with points. This
is superimposed on each tracing and the number of
points falling within each outline is counted. The
area is then obtained by employing the eqguation:
A=P/N; where A is the total area of the grid, P -
the number of points falling within the outline and
N -~ the total number of points in the grid.

In general, the more pointe superimposed on
any given outline, the more accurate the estimate
of the area. In order to i1mprove the degree of
accuracy of area measurement, a progressive mean
was calculated as follows: the grid was
superimposed on the outline and the proportion of
the points falling within it was recorded. The
procedure was repeated after a change of the grid
position and the proportion of the hits again
recorded. An average was taken of the two values.
After a number of repetitions, the proportion of

hits on the outline in question and hence the
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estimate of its area, will settle down to a value
whose variation lies within the derived limit.

Throughout the experiments, estimation of the
surface area of the stomach was done on fresh
tissue as described in the previous chapter,
Cesophageal cross-sectional areas were dones  on
fixed mounted tissues.

Histological processing introduces tissue
derangements and care is required to standardize
the procedures to ensure uniformity throughout all
the tissues studied. One has to recognize errors
introduced due to fixation, shrinkage during
processing and compression during the cutting of
zsections, However, as much of the morphometric work
carried out is comparative, provided all the
material is treated in an identical fashion, any
alteration brought about by the above mentioned

factors becomes less important.

b. Histology

Histological processing was carried out purely
for oesophageal work.

The oesophageal samples were fixed in butfered
10% formol saline. Tissue dehydration and blocking
in paratfin wax was carried out in a Histokine
automatic tissue prousssing machine. The cycle

which lasted 27 hours was as follouws. The <csample



was initially transterred to S0% alcohol for i bir
followed by a further hour in 20% alcohol. It was
then transterred into the first of three beakers
containing 8% phenol in methylated spirit. This was
tollowed by immersion in 2 changes of absolute
alcohol for 90 mins each. It then spent 30 mins in
absolute alcohkol! and chloroform followed by 2
changes of xylol each lasting 43 mins. This was
followed by 2 changes of melted paratfin wax
lasting 3-4 hours respectively before the tissue is
blocked in fresh paraffin wax and mounted in the
microtome chuck.

The staining was carried put using a
regressive haemalum and eosin technigue. The Sum
sections were dewaxed in xylol followed by alcoko?l,
then stained with haemalum which was differentiated
using 1% acid alcohol. After rinsiprg. ensin was
used and differentiated in 20% =alcohol. The ticssue
was again dehvdrated with alcckol followsd by xylol
and mwmounted nermansrtly  veing ney o ior to

evamination.



111. Biochemical Methods

g¢. Introducticn

The 9gastrointestinal tract has a complex
3-dimensional confiquration. Consequently it
presents many problems in the study of guantitative
morphology. The functional and therefore the most
important part of the intestine is the villus and
its size is a difficult paramster to measure with
accuracy and precision.

The present methods, of which there are two,
are indirect and wunproven. The +first assumes
measuremsente, made in sections, of the height and
width of the villus termed the "villus row count”.
Implicit in such an assumption i1s the uniformity of
the villi. However, villi vary in shape, exhibit a
proximo-distal gradient in size and are markedly
distorted during technical preparation and
counting. Even absolute measurement of the villus
cell population size (Feulgen staining followed by
microdissection of the wvilli then counting the
squashed villi and crypts) although more accurate,
cannot fully compensate for distortion caused by
abnormally shaped villi. This method, theretore, in
these circumstances is not recommended*””.

The second measurement is that of epithelial

DNA concentrotion per unit length of mucosa. This



crude estimate however, will include the not
inconsiderable amount of DMNA present in the
lymphoid cells in the lamina propria. Therefore it
is assumed that the lymphoid cell populations are
not different in the experimental and control

groups. However it is well known that disordered

bowel function and/or tiora initiated by
experimental manceuvres could well alter the
population ot the lymphoid cellet?”,

Accuracy, however, may be improved by measuring the
total DNA and the epithelial DNA is estimated by
multiplying the DNA content by the +factor of the
tissue sections occupied by epithelial cellst?®,
This assumes that wuniform DNA density in  the
epithelium, lamina propria and plasma cells.,
Consequently any DNA concentration in the
epithelial mass will be necessarily “diluted’.

In the tissues studied, plasma cell infiltrate
formed <(S% of the total surface area. Experimental
manceuvres failed to demonstrate any significant
increase in the percentage surface area of the
plasma cell infiltrate. For these reasons and in
line with most other workers, the plasma cell

infiltrate factor has therefore been ignored.

b. Deoxvyribonucleic Acid (DMA) estimation

The estimation of tissue DNA gives an accurate

7€



retlection of the total cell population of the
tissue under study. Its concentration relative +to
that of protein indicates cellular size and
proliferative activity.

The original method of DNA estimation was
described by Dischel?*® in 1930, This was
subseqgquently modified by Slater and Lovelli®o and
later by Croft*®*, This latter method was used far
all estimations.

Reagents: see Appendix

Method: The rat homogenate was thawed out in a
waterbath at 379C. Two and a halft mls of this

thawed material was placed into a stoppered tube to
which was added émls of 6.5% Trichloroacetic acid
(TCA). The volumes were chosen to ensure that each
solution contained at least 20-25 atoms DNA-F/ml.
The contents were then hydrolysed at €0°C for

15mins. At the end of that period, the tubes were
cooled rapidly to room temperature and centrifuged
at 2300 revs min~* for 30 mins. The supernatent

was aspirated and placed into another tube.

A second hydrolysis was performed on  the
residue by adding Smls of 5% TCA and heating at
80°C for 1Smins. The mixture was again cooled,
centrifuged at 2300 revs min~* and the supernatant
thus obtained, aspirated and added to the

hydrolysate obtained from the first extraction. Two
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extractions were sufficient as the total DNA
extracted was 99% (i.e. Q0% per extraction).

All estimatione were carried out in duplicate.

One ml of the supernatant hydrolysate was
placed in a glass stoppered tube and to this was
added 0.1ml of 60% Ferchloric acid. Similarly to
iml of each of the 4 working standards and control
(see reagents), 0.1ml of Perchloric acid was added.

To each resulting mixture (test hydrolvsates,
DNA standards and control) was added 1iml of 2%
Diphenylene reagent. The containers were stoppered
and the specimens placed in a refrigerator at 4°C
for 48hrs to allow colour development. At the end
of this period, the coloured solutions were removed
from the refrigerator, transterred into cuvettes
and extinctions were read against the reagent blank
at 600nm.

The optical density was plotted \2=4
DNA-F/ml (megatoms) for the 4 working standards (figq
8) and the slope of the graph thus obtained was
used to determine the concentration of the unknown
values,

The DNA working standards and the controls
were freshly prepared for each batch of homogenates
estimated. The was a <close correlation (r=94%)
between the slopes used, making the method highly

reproducible.
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c. Protein Estimation

Frotein estimation was carried out wusing the
Folin-phenol reagent method as described by
Lowryi®2, This metheod is based on the production
of a colour by the protein present and the density
o+ the colour is read oft+ sphectrophotometrically.
The colour reaction occurs in two distinct steps:
a) reduction with copper 1n alkali and b) reductiaon
ot the phosphomolybdic - phosphotungstinic reagent
by the copper treated protein.

This method is very sensitive, simple and easy
to adapt +for small scale analvsis. Ite two main
disadvantages are that the amount of colour varies
with different proteins and that the colour is not
strictly proportional to the protein concentration.
In spite of the latter, however, it is a resasonable
method for the measurements of mixed tissue
proteins particularly when absolute values are not
required.

Method: The mucosal homogenate was allowed to thaw.
Particulate matter in the homogenate was removed by
centrifugation at 2200 revs min-! for 10 mins &zt
4°C. The resulting supernatant was then diluted

viith saline to give the eguivalent of about img of
mucosa/ml.

Reagents: see appendix.



Fresh reagents and working standards were used
for ezch batch ot homogenates analvysed.

To 1ml o+ each ot the samples being analysed
(howogenates, contraol and working standards), Sl
ot the alkaline copper reagent was added. This was
mixed well and allowed to stand for at least 10min
at room temperature. One hald ml ot the Folin
Ciocaltesd phenol reagent (1:3 dilution) wias added
and mixed wvery rapidly. The samples are then
allowed to stand for 20 wins away +rom direct
sunlight. Following that period, the samples are
transferred into a cuvette, placed into the
sphectrophotometer and the optical density measured
at &2%Snm.

Using the working standards, the optical
density was plotted vs protein concentration (Fiqg
?) and the slope obtained was used to determine the
protein concentration of the test samples. The
standard slopes for =ach run of estimates showed a
close correlation, suggesting high reproducibility

of the method.
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Protein calibration curve:

Lowry method
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lv. Gastrointestinal Hormone Assavys

a.Introduction

The endocrine-paracrine cells scattered
throughout the GI mucosa are how tregarded as a
diffuse modulatory system of intestinal motor and
secretory function. They respond to luminal stimuli
by releasing "extracellular mediators"183,

The hormonal changes occuring in  intestinal
obstruction are as yet undefined and altheouask 285
regulatory peptides have been shown to be present
in the GI tract?*®2, it was decided to investigate
only three particular peptides in this thesis, i.e.
Gastrin, N-Glucagon and VIP.

Gastrin and N-Glucagon have been investigated
becaus= of the role they are &lleged to play in
gastrointestinal adaptation. in particular,
N-Glucagon has been shown to exhibit a close
correlation with crypt cell production ratees,
VIP, on the other hand, is a neuro peptide  and
plays a direct role in gut motilityi®=e.28> ap4g
blood flowi®®-192 and is a potent stimulant of

ex0Ccrine gut secretioni®s, 193,194,

b. Gastrin Assavy:

As desc: ibed earlier, blood samples +or

W

gastrin assay were taken in heparinized tub=s and

93]
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centrifuged at 42C. The plasma was separated and
stored at -20°C pending assay.

This method is described in detail
elsewheret®>, The antibody was raised in rabbite
against synthetic human agqastrin I (ICI). The
antibody (0093) used i the assay was at an
approximate dilution of 1:10,000. This antibody
does not cross react with any of the known
gastrointestinal peptides (except for
cholecystokinin-pancreozymin where a 10,000-f01d
concentration of this material is required to
produce a similar +all in bound counts as standard
gastrind.

Human synthetic gastrin is iodinated by
chloramine T method. Plasma, rendered hormone +ree
by charcoal, is added to the standards. A charcoal
separation techrnigue was then usedvs, The
sensitivity of the assay 1is 5-10 picograms/ml

gastrin.

€. N-Glucagon Assay:

Blood samples for glucagon assay were taken
into chilled heparinized tubes, centrifuged at 4°C
and the plasma extracted by the method of
Hedirng*®”, The extracts were reconstituted in a
0.04M phosphate buffer solution to pH 7.4.

Glucagon 251 was prepared according to



Jorgensen’s method?*®®. The separation method used

was serum and dextran-coated charcoal®*®%., Antibody

YY57 was raised to pancreatic glucagon and was used
at a final dilution of 1:22,500. This antibody
reacts with the N-terminal portion of glucagon and
the material measured by it is reterred to as
M-terminal glucagon-like immunoreactivity (NGLI) .
NGLI represents all known GLI's including those
from the pancreas and gut.

The antibody can detect 5.9 ng/l1 of glucagon.

d. V.I.P. Assay:

[

Plasma extraction for V.I.P. assay was carried
put by Heding’s method®”. Prior to assay, the
extracts were reconstituted to pH 7.4 in a 0.04M
phosphate buffer.

Natural porcine V.I.F. was used for standards,
immunization and iodination. V.1.P. (2 micrograms)
was iodinated by the chloramine T method. The
labelled hormone was then purified by absorption to
silica and eluted into acidified ethanol. The
labelled hormone was then stored at -20°C in
acidified ethanol,.

Antibodies to V.I.P. were raised in Mew
Zealand white rabbits, the rabbits being immunized
with a conjugate of V.I.P. to ova albumin,

Separation of free from bound hormone

W
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radioimmunoassay was accomplished by serum and
dextran-coated charcoal1®e, The standards used
were natural porcine V.I.F. and were prepared in an
alcohol extract ot plasma.

The assay can detect 5 ng/1 V.I.F. with 25%
certainty and is sencsitive over the ranges 0-200
ng/1. There is no cross reactivity imn  the assay
with g9lucagon, secretin or GIF and the antibody is

predominantly C-terminal reactive,.



v. Statistical Analysis

For comparing normally distributed data, Student’s
t test was used. For data which was not normally
distributed, the Mann Whitrney U test or Wilcoxon
matched pair sigrned ranks test was used.

For comparing proportions, Fisher’s exact test
was usedi®®, A p wvalue o+ 0.0% or less

(two-tailed) was considered significant.
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2. Introduction

This section details the experimenta results,
These are broadly subdivided into two chapters.

The +irst chapter, which is divided into four
subsections, deals with!

1. the normal respornse of the tissues and organs
to trauma and

2. the effects of obstruction of the small bowel
oy the oesophagus, stomach, jejunum  and ileum.
Zmall bowel obstruction was considered at three
levels, mamely: high (L.}, mid {(Lz) and distal
(Ls) sites.

The second chapter investigates:

1. the effects of a low residue diet on the
pesophagus, stomach, jejunum and ileum of normxl
rats and

2. the effect of a low residuese diet on the
adaptive response of the stomach, jejunum and ileum
to obstruction.

The hormonal profiles of gastrin, M-glucagon
and V.I.F. exhibited under the varying experimental
conditions described above are also included in
each section as appropriate.

FReference to animal weights will be made as

appropriate in the text.



All results are expressed as mean 2 1SD unless
stated otherwise,.
The gross, muscle and mucosal weights of the small
intestine are illustrated as mg/10cm bowel lenght.
DMA is expressed as ng atoms DMNA-F/m3g mucosa and
protein as mg protein/mg mucosa.

Surface area is referred to in sqg mm.

Q0



@, The effect of obstruction on the

Gastrointestinal Tract.

The response of the gastrointestinal tract to
operative trauma and to varying levels of partial
small bowel obstruction will be divided into the
respective anatomical sections, hamelwy! ocesophagus,
stomach, and the small intestine (jejunum and
ileumn)

Each section ot results will be followed by a
summary of the main findings. These Findings will

then be discussed.

o1



1. The Normal Response to trauma

The mean age of the rats at

~

commencing the experiment was 8 weeskes

weight of 168.6122.1gm. Following

response to the trauma of operation

was a f$all in bedy weight

which was maximal at P,

TABLE S

Animal Weights

with a

{sham)

(Table 5).

the time of

dey

the initial

there

The fall,

(7 days), represented a

Sham Unoperated
Operated Animals
Starting Weight 16212, 1 168+1.8
Pis (7 davys) 16112, 8% 172.2+2.4
F= (11 davys) 16743, 1 172,943
Fs (15 davys) 172+4.5 174,542, 1
*p=0.05
The effect of operative trauma on somatic growth:

sham opsrated animals compared
matched controls.
4 % reduction from the starting

operation and a 7% (p=0.0%) reduction

the expected weight of age

controls., This reduction in weight persisted

Fz. Weight gain rapidly accelerated

was still reduced at Fs as

wiith

weight

matched

compared

urnoperated

prior to

compared with

unoperated

until

zlthough it

with



unoperated controls.

Oesophagus:

As might be expected, the w=ight ot the
pesophagus from control (sham operated) animals
showed a slight but progrescsive increase in wWeight
from 22.5 mg/cm at P; to 28 wmg/cm at Fgs {p=NZ) .
This occurred despite a reduction in body weight.
There was no obvious change in either the length or
the outer circumference of the organ but this may
partly reflect the "crude" measurements used to
quantify change. HMicroscopical measurements of
nucosal and muscle cross section surface area

showed no change either.

Stomach:

The gross weight of the stomach 1n control
animals behaved in a similar fashion to oesophageal
weights during the three periods of study: 1.e. a
gradual increase in weight with time. These changes
(Table &) were accurately reflected in slow but
progressive increass in  both muscle and mucosal
mass. Surface area was constant  throughout the
period of =tudy. DNA concentration per mg of mucosa
alsa remained unaltered. Protein concentration
showed a slight (but not significant) drop betwesen

Py (0.08740.004 mg protein/m3 mwucesa) an? Fg



(0.078+£0.004 mg protein/mg mucosa).

TARLE 6

Stomach Measurements

P Pz Fa
Gross Wt ({mg) @50+40 FES+58 794155
Muscle " 823+60 8304145 B8234+65
Mucposal " 128418 135415 145114
DMA 5.4540.¢ 540.25 5.7+1
Protein 0.0871£0.04 0.08%9120.06 0.078+£0.04
Gross SA (mm) 14501925 15704135 15610£105
Rumen " 270422 290435 295135
Fundus " 720145 765125 725450
Antrum " 44050 515140 520430

Changes in weight and surface arsa (5A) in the
stomach from control (sham operated) animals over
the three periods of study.

Jejunum:

The jejunum from control animals {(Table 7)
showed a linear increase in weight with time
despite a reduction in body weight, This was
reflected in an increase in muscle weight. No gross
mucosal charnges were noted. Bowel circumference did
not alter appreciably. Mucosal DMNA and protein
concentration were constant throughout the period
studied suggesting no agross alteration in cell

kinetics.
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TABLE 7

Jejunal Measurements

Fi Pz Fa
Gross Wt (mg) 54660 SR&6+75 £54+70
Muscle " 356460 431177 368492
Mucosal " 191138 165110 186+£24.6
DMA 4.6120.9 4.7+£0.4 4.720.9
Frotein 0.6340.007 0,062£0.005 0.063+£0.01
Circumterence
{romn ) 7.8x20.6 2.4x£0.49 7.75+£1.3

Table illustrating jejunal weights and mucosal DNA
and protein concentration in control {sham
operated) animals over the three periods of study
Ileum:

The ileum in controls behaved in an identical
tashion to the jejunum in that there was a linear
increase in the gross weight with time (Table &),
Alteration imn the muscle mass between P and Fas
was minimal. Changes in mucosal weights were,
however, more pronounced. DNA concentration, unlike
protein which remained essentially constant, showed

a tendency to increase over the study period.



03]

TAELE &

Ileal Measurements

Py F= Fa
Gross Wt (mg) 2B1.3138 444 ,71+61 SG0.5180
Muscle " 200.1+£20.2 298.9441.5 225151.3
Mucosal " 91.2+28.7 145,237 175.5478.8
DNA 4,344+0.8 4,62+0.32 S.140.7
Protein 0.0584£0.004 0.56+0.001 (0.52+0.019
Circumterence
{rm) 7.940.4 46.7510.4 7.754+1.3

Changes in ileal weight and mucosal DNA and protein
corcentration during the three periods of study.
Hormonal Response (Table 2):
Gastrin: The serum gastrin level in the normal rat
was found to be 207432 ng/l, 180414 ng/1l and 166+15
n3/1 at 7, 11 and 15 days respectively. Thesse
values are similar to those previously described.
N-Glucagon: The levels of N-terminal Glucagaon
showed a significant stepwise decrease {for the
phases of the study (FPyt 1946£20n9/1 - Fa:
1651£15rng/1) .
VIP: the serum VIP corncentration remsined at a
similar level throughout the 3 periods of study,

mean values being 52414 ng/l.

Fé



TAEBLE @

Hormone (ng/1) Fi P Fa
Gastrin 207122 180+£14 168415
N-Glucagon 196+20 120+£20 165£15
V.ILF. 40+£14 6012 45415

Serum levels bt gastrin, N-alucagon and V.I.
control (sham operated) animals.
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Summary of Results:

Eody weight chowed an initial drop after operation
{maximum at F,) and rapidly increased thereatter.
The various segments of the gut behaved in a
similar +ashion showing a linear increase in gross
weight despite an initial reduction in body weight.
Eoth muscle and mucosal moieties reflected the
increase.

The DNA:!protein ratio remained fairly constant
throughout, except in the case of the i1leum where
the ratio showed an increase.

The hormone profile +or gastrin and glucagon
suggested a slight drop over the three periods of

study. VIF profiles were unchanged.



Discussioh.,

Thece +indings clearly illustrate the body
response to the trauma of operation. A change in
the energy source results in the intracellular
protoplasm being converted to glucose via the
carbohydrate oxidative pathway2°°. The net effect
iz the initial weight loss and the tissue
predominantly involved is skeletal muscle.

Transient immaobilisatian and starvation
{caused by post operative pain and nausea) add to
this impost on skeletal muscle. The results of this
experiment support the contention®°* that this
type of post-traumatic catabolism has neo impact oan
the total cell mass of the gastrointestinal tract.
Indeed, as 1llustrated here, this transient
post~traumatic dratt on muscle has no adverse
effect on visceral growth., Within this range of
severity, the post traumatic cellular catabolism
appears to be a species adaptation: a new set of
metabolic conditions imposed by new demands placed
upon the organism.

Whilst detailed knowledge exists o+ the
endocrine response to  trauma®20=2.=03, little 1is
krnown about the paracrine oFrgan response.
Alteration ir, =zerum gastr:n and N-terminal glucasgon

is dependent on luminal nutrition. Any e pected
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post-operative drop in the serum levels cornseguent
upon starvation 1: likely to occur early. It is
theretore perhaps not surprising that during the 3
periods nf study, during which period the animal
has fully recovered, no significant change 1is
noted. Vasoactive Intestinal peptide, a neuro
peptide, mostly involved in gastrointestinal
motility and wvasodilatation, similarly remained

constant throughout the period of study,.
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11. The etfect of a high level obstruction (L:) on

the cesophagus, stomach, jejunum and ileum

Oesophagus.

The introduction of a high small bowel
obstruction produces measuresable changes in  the
pesophagus. The overall bulk was increased compared
with controls. This change expressed as wt/unit
area, was noticeable at P (controls {(C):
32.51+5mg/sg cm vs obstructed (0): 27415 m3/sg cm)
and pesaked at Fox (C:32.5+2.5 m3g/sg cm vs O
S$1.5+4.5 mg/sg cm:p=0.02). These changes were not
sustained beyond this point and had returned to
control values by P (C: 38+4.5wmg/sg cm vs

35+9.5

=5

ng/sgq cm). The change was purely due to an
increase in the muscle mass. Mucosal surtace area

and mass did not significantly change.

Stomach:

The recsponse of the stomach to partial
intestinal obstruction depends on the primary site
of obstruction. Following a high (L.) obstructiaon,
the stomach, at 7 days, (P, period) responded with
a rapid and profound increase in surtface area with
the main increase occurring in the rumen portion of

the stomach. This represented a S3% increase in the

104



Gross Wt
a
C

Muscle Wt
a]
C

Mucosal Wt
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u}
C
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A
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=
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()]
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a]
C

Antrum SA
0
c
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1200485%
954154
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5,09+0,17

0.06&8+0.01
0.08920.007

1652150
1870162

299115
289.3+30.°

702.5+82.7
769.6+34.4
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2235+772
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rumen as compared with a 27% increase in the fundus
and a 2Z22% change in the antrum. In spite of
continuing obstruction, the stomach surface area
was gradually reduced in size so that by FPs the
stomach surtace area had returned to control
values. The three anatomical subdivicions of the
stomach (i.e. the rumen, fundus and antrum)
returned to the same relative sizes as controls.
During the initial dilatation period, the
overall gross weight of the stomach (Fig 18&)
increased (0:1225%124 mg vs C!: 986462 mwg) p=0.02)
and the increased weight is maintained for the
duration of the experiment {(Fs). The relative
weights of the muscle and mucosa reflect the
ditferent response. During the phase of dilatation,
there was a rapid increase in mucosal weight both
in the Py and Pz periods but maximal at Fz. This
was reflected in a significant increase in  DNA
concentration which peaked at P, (0! &,.310.9 nd
DNA-F/mg mucosa ve C: 5.5:0.8 ng DNA-P; p=0.001)
and was still raised at Pz (0! 7£0.5 vs C:5420.49 ng
DNA-P atoms/mg mucosa p=0.02). There was also a
slight increase in muscle mass. By FPas, the
dilatational effect was lost and this was followed
by & rapid reductior in the mucosal mass to control

values (Q:1

58]

hJ

1.8+25 mg vs C: 138.8128m3: p=ns).
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Jejunumi

The magnitude of the jejunal response to
partial obstruction depends on the location and
duration of the stenosis. The introduction of a
khigh small bowel obstruction (L;) resulted in a
linear increase in weight (Table 11) over the three
periods studied, with s=ignificant values being
achieved at F= and Ps. This increase in weight
was mainly due to an increase in muscle mass with
significantly increased mass being similarly
attained at P> and Fa.

Increase in gross weight was associatsd with a
rapid increase in bowel circumference with the peak
value being achieved at Py, This increase was
maintained at the same level at Fz= &and Fa.
Increase in mucosal mass lags behind changes in
bowel circumference with a maximal response
occurring at Pz and returning to control values
thereafter.

There was ro alteration in the DNA
Concentration during the periods of study in the
obstructed animals as compared with controls. There
was however a significant reduction in protein
concentration in the obstructed animals at F, and

F2 but this returned to control values by Fa.
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TABLE 11

Jejunum
Py P= Fa

Gross Wt (mg)

a] 620+115 17+295" 126041767

C 550455 3%0+78 650174
Muscle Wt

o S05.2+182 SPP+1054 PRELEL246"

C 3561+50 431177 4684972
Mucosal Wt

al 178.32260 3181474 264179

c 191438 165£10Q 186+£34. 68
Circumference (mm)

a 2.75x1.7 ?.9x1.5 P.7x2,7

c 7.8x0.6 8.410.4 7.841.3
DNA

Q 4,32910.7 4,02+0,2 4,9+£1.,7

C 4.620.,9 2.88+0.2 4,.7£0.9
Frotein

a 0.048120.01# 0.0238+£0.01¥ (0.0&6340.02

c 0.0634£0.007 Q.0462120.005 0.06310.01

"p=0.01, *p=0.02, #p=0.05, "p=0.001

Changes in the measured variables of the jejunum at
the three periods of study as compared with
controls.



Ileum:

It is not possible to compare changes in ileal
morphology or morphometry with the site ot
obstruction. An Ls type of obstruction induces
hypertrophic changes. L, and L= tvpes ot
gbstruction, by virtue of their being proximal to
the ileum, might be expected to induce dicuse
atrophvy.

Ar L, obstruction had no appreciable effect

gt the distal ileum for the duration of the study.

Hormonal Recspornse:

Gastrin: The introduction of & high (L) small
intestinal obstruction resulted in a significant
increase in the antral area at F; and P=. By Ps,
antral size had returned to control wvalues. Serum
gastrin levels rose cignificantly by P and
remained thus raised throughout the period of the
study.

N-Glucagon: these levels were not signifticantly
difterent +rom controls and showed a similar
stepwise reduction with time.

VIP: there was no significant change in VIF levels
during the course of the L obstruction

ExXperiment.
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Hormone
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u]

C
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a

C
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C
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220+£644
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40£1 %

h
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Hormone profiles in animals
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Summary of results:

fesophageal muscle showed a transient increase in
weight at 7 and 11 days.

Compared with controls, the <stomach showed an
initial profound dilatation affecting mainly the
rumen (53% increase). Gross weight increased
rapidly and plateaued thereafter. This was closely
paralleled by changes in muscle weight, Mucosal
weight showed a peak increase at Fo (11 days). DNA
concentration reflected these mucesal changes.
Jejunal weight increased rapidly with the duration
of obstruction. The mairn increase occurred in  the
muscle mass. Dilatation was not pronounced. Mucosal
mass changes were not significant, reflecting
minimal alterations in DNA concentration.

No ileal charnges were noted with a high jejunal
obstruction.

The serum gastrin level was significantly raised at
7, 11 and 15 days after an Lj; obstruction.

N‘91UCagon and VIF levels were unaltered.
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Discussion

The etfect of & small bowel obstruction on
pesophageal tissue has hitherto rot been
investigated. The experimental results obtained
suggest that, inkeeping with most muscular tubular
organs elsewhere, the oesophagus reacts to a high
small intestinal partial obstruction by a
significant hypertrophy of the muscular laver.
There was ho evidence ot asscciated dilatation of
the organ and this would, according to EBrent’s
conhceptl®<, suggest complete oborgan compensation.

Closer analysis of the results suggest that
the response is hyperbolic with the maximum effect
noted at Pz (11 dayes) and the values returning to
their control eqguivalent by Fa (1S5 days). As there
was no evidence of dilatation and the mnucosal
surtace remained constant, one would assume that
alteration irn the muscle bulk accounted for these
thanges. EBothk alteration in size (hypertrophy) as
well as in the number (hyperplasia) of muscle cells
tan account for an increase in the muscle mass.
Indeed, it has been demonstrated:”® that such
changes do occur within the gastrointestinal tract
Over such short periocds of study, in response to
obstruction. It seems plausible, therefore, to

extrapolate such changes to the opesophagus.
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For such a response to occur, ar increased
workload cn the oesophageal muscle is required to
generate this ’“demand’ hypertrophy. Whilst jejunal
dilatation and hypertrophy may influerce
pesophageal behaviour, the gastric response may
have a key role in the behaviour of the oessophageal
tissues. Superimposition ot the oesophageal changes
on the dilatatianal response of the stomach (Fig
10) indicates a "lag response” between the
hypertrophic oesophageal changes and the stomach
dilatational response. This would therefore suggest
that 1n the initial phase following obstruction
when stomach dilatation occurs, an increase in the
intragastric pressure or perhaps increasing reflux
into the oesophagus occurs, resulting in difficulty
in clearance of the ocesophageal contents. It may be
assumed that increased peristaltic activity ocours
leading eventually to an increase in the muscle
bulk.

The rapid reduction in the oesophageal bulk
over the P - P5 period iz more difficult +to
interpret. Although atrophy may be responsible,

such an adaptive change would be expected to take

place over a "lpng term" period. Therefore the
hypothesis of simple hypertrophy - atrophy cannot
wholly explain such rapid changes. Two other

factorsg may be considered relevant. The first may
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FIGURE 10

Histograms illustrating ocesophageal hypertrophy
secondary to stomach dilatation. As stomach
dilataticn reverts to rormal, a reduction in

oesophag=al mass (atrophy) occurs.
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be an increase cellular infiltrate which occurs
garly following obstruction. Histological scanhing
ot oesophageal sections +ail to support such a
contention and the change that occurs in the white
cell population is less than S%. The second +factor
may well be increased interstitial ocedema®°2, Thics

may be the result of either a simple mechanical
effect due to the obstruction or the effect of
vaspactive substances released by ths increased
plasma cell infiltrate. Changes in the oedemz fluid
can occur rapidly and it is therefore not unlikely
that this factor mavy, in  part, account for  the
changes noted.

It is most likely that the +eatures observed
are a combination of hypertrophy / hyperplasia of
the muscle cells and ocedema with a combination of
both factors accounting for the observed peakt in
weight at  Pa. As the oedema zubsides, the
hypertrophy and/or hyperplasia element is left
behind., The 4indings at Pz would therefore lead to
the conclusion that it is unlikely that any
significant morphological changes occumed during
the pericd of study.

The rate and the nature of the response of the
stomach to partial intestinal obstruction depends
on the primary site ot the stenosis. Following =a

high small bowel pbstruction, the stomach responds
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by an initial increase in the surface area (phase |
- dilatational efttect ? decompensation) and this
represents the +first step o0f the adaptational
response to the insult. The main alteration occurs
in the rumen, a finding not urexpected as this area
pf the stomach is highly elastic2e4 and ie
therefore capable of considerable stretch. Simple
stretching or dilatation, however, 1s not the only
mechanism responsible for the change in the stomach
size, because i1f so, one would have expected a drop
in the weight per unit aresa. The results indicate
that there is an increase in both the muscle and
mucosal moieties and the increase in mucosal weight
is accompanied by arn early rise in DA
concentration per m3 mucosa, hence suggesting
hypérplasia as the reason for the increased mucosal

mnass. As  the insult is not overwhelming and

cr

compensation ODCCUWrs, increasing one and
peristaltic activity return the flaccid stomach to
a normal size.

Marked dilatation does not seem to be a
feature of the jejunal response to obstruction.
There was only a slight but non-significant
increase in the mean bowel circumference as
tompared with chow fed controls. The main response
Was an increase in the muscle mass. These findings

Would therefore suggest two possibilities: Firstly,
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"storage capacity” of the upper jejunum is limited
unlike the stomach where dilatation is very marked.
This may simply be due to either an inherent
inability of the jejurnum to dilate or as the
stomach seems to be "accomodating the insult”, Nno
physiological demand is being placed on the
jejunum. Secondly, as the degree of stenosis
increases, increasing isometric contractions are
required to propel the semi-liquid food through the
stenosis. This increased muscular activity
ultimately results in an increase in muscle macss.

Ileal changes are not in evidence in this
phase ot the experiment. This may be related to the
"long” column of food distal to the stenosis which
iz providirng the "luminal nutrition” to the ileal
mucosa and the mechanical stimulus to the bowel
musculature. In addition, the semi-liguid food
present in the jejunum could be mwore easily
expressed through the stenosis, thereby providing
the more distal bowel with adequate nutrition for a
more prolonged period.

In this experiment, the mairn changes have
occurred in the upper gastrointestinal tract. It is
therefore perhaps not surprising that no alteration
in the serum levels of M-Glucagon and VIP have been
noted. As has been intimated garlier, these

hormones are of mid and distal small bowel origin.



The only change roted was a persistent and
significant rise in the serum gastrin level.
Gastrin i released as a result of antral
distention. In this tvpe of experiment gastric
emptying is markedly delayed. The resulting gastric
distention and hence antral stretching, acts as a
powerful stimulus to gastrin releass resulting 1in

the changes noted above.

114



111, Effects ot a mid (Lz) small bowel obstructiocn

oh the oesophagqus, stomach, jejunum and ileum.

fesophagus:
Mid small bowel pbstruction failed to preduce

any measureable response within the oesophagus.

Stomach:

Advancing the site of obstruction to the mid
small bowel produced a different response from an
Ly type of obstruction {(Table 12). There was a
slow but progressive increase in the surface area
of the stomach, with csigrnificant difterences
occurring by Fa. The main increase in the surface
area occurred in the antrum showing a 3235% (p=0.02),
34% (p=0.05) and a 97% (p=0.001) increase at Fa,
Fz and Ps respectively as compared with controls.
There was surprisingly no alteration in the gross
weight of the stomach or in the muscle or mwucosal
portions. There was no alteration in the DNA
concentration as compared with controls although a
trend to increase with time was demonstrable.

Protein concentration showed a slight but

insignificant reduction.



TABLE 13

Stomach
Fi Fa

Gross Wt (m2a)

0 60435 2827.4475. 43

C 220434 P69+71.1
Muscle Wt

a 8246.9462.94 715.2431.6

c 7892+74 801+34.7
Mucosal Wt

a L142322,4 112.2£4%5.4

c 141115 7 168123, 3
DNA

o 5.49+£0.8 5.661+0.23

C 5.57+0.5 5.4310.3
Protein

0 0.086620.00&8 0.72£0.01

c 0.085120.007 0.09£0.,008
Stomach SA (sg mm)

a 1642.545%9.3 170015°

C 1437.5167 1489136
Rumen SA

0 220.2+23 282,435

c 2435.6234.3 261.71x3%.5
Fundus SA

0 654, 2433 647,459, 2

c 700425 754.7+51.83
Aritrum SA

a 668170, 2% 533, &££3448

c 491.61233.7 472.6x29.2
#p=0.0%, ¥p=0.02, "p=0.001
Table illustrating the changes in

Parameters following & mid small bowel
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Jejunum:

A mid small bowel obstruction (Lz) produces a
prorounced increase in gross, muscle and mucosal
weights as compared with controls (Table 14).
Significant 1ncreases in gross weight was achieved

by P: and mucosal and muscle weights bv Fs. DNA

concentration showed ro change with time as
compared with controls. Reduction in protein
concentration occurred but this reduction vas

delayed until P> and achieved significant values
at Fz. The bowel circumference showed a aradual
but pregressive increase with the maximum values
cbtained being similar to those achieved during L,

obstruction.

Ileum:

An Lz obstruction resulted in & signiticant
reductiorn in ileal weight at Pa as compared with
controls but this was mainly due to a reduction in
mucosal mass (Table 15). Gross muscle weight was
not appreciably reduced. Ileal circumference,
though slightly reduced as compared with controls,
was not significant. The mucosal DNA concentration
was slightly increased over the three time periods
25 compared with controls. Protein concentration,
on the other hand, <chowed a slight tendency to

reduce.,
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Gross Wt
a
C
Muscle "
a
C
Mucosal "

a

c

Circumference

u

C
DNA

0

C
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a

C
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[og
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{ram)
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4.05+20.8&
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illustrating the

BLE 14
junum

Fz

Fa

1100.7+140.2"

612.6+75.7 655.42E82.1

& E75.7+£74.8 820.2x101.14%
431.2277.6 440, 1+4¢%
245,752, 1 280,453
181,24227 195.2451
2.7%3+1,1 ?.85£1.5

7.2120.8 7
4.,4+£0.8 4
4,1+0.7 3

02 0.05220.01s6 0.

004
01, "p=0.001

changing jejunal

tollowing a mid small bowel obstruction

m
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0.0&68x£0,005 0.
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. &610, 84
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0a7+£0.001
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Gross Wt

I

Mucosal

G

C

(mng)

Circumterence

]

C
DNA

0

C
Protein

0

c
#p=0.05

Chanages

n

concentration

small

bowel

TABLE 1S

obstruction.
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Ileum
P F= Py

437+53.6 400145, 8 369161, 3
375171 426+39.,7 489156, 1
325+43. 6 200+51.4 200146, 8
280+35.3 290.3+44.3 231.6+41.5
112+37.3 100£19.7 69428, 34
95+27.95 136121.3 1568423.6
{1own )

6.3£0.3 65.15+£0.7 5.8840.46
7.7+£0.3 7.6+20.5 7.78x20.7
5.420.6 S5.5+20.6 5.6x0.7
4,2+0.7 4.,7+0/8 S.0x0.%8
0,05140.004 0.047+0,005 0,04520, 003
0.055+0.005 0,05420,003 0,.022x0.004
ileal weiaght, DA and protein
ard circumference following a mid
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Hormeora! Response (Table 16):

A mwid small intestinal obstruction +failed to
produce any change in the serum gastrin levels
compared with controle, despite an appreciable
increase in the antral surface area. Indesed early
serum levels (at F,) were significantly reduced.
N-Glucagon levels showed a significant and
progressive increase during the period of study.
The maximum wvalues obtained were 250+30n3/1 as
compared with controls 1&85+13ng/1 at period Pas.

VIP showed a significant rise in the serum levels

at Ps. No changes were recorded at P, or Pz

periods.
TABLE 16
Gastrointestinal hormones

Hormone (ng/1) Fa Fz Pa
Gastrin

Q PE412,948 140+38.8 1646445, 3

C 185+41.3 197132, 1 198417.8
N~-Glucagon

0 235414, 34 245£17.78 2E0+21. 38

c 170137 179123 183+19
V.I1.p,

a 62+10. %3 65+17.3 112+232%

c 43+9 57414 59+16

#p=0.0%5, ¥p=0.02

Changes in the hormonal profiles {following & mid
small bowsl obstruction.



Summary of Fesults!:

No pesophageal changes were roted tollowing an L2
obstruction.

The stomach response was one of a slow and gradual
increase in surface area with no change in  weight.
The main increase in the surface area occured in
the antrum. A rising trend in mucosal DNA
concentration was noted. Frotein concentration was
unaltered,

The jejunum responded by an  increase in  weight.
This change was mainly in the muscle although some
increase in  the mucosal mass did occur. Bowel
dilatation did occur by day 11 (Fz) but the degree
of dilatation was not in excess of that seen
L:. DNA concentration was unaltered but the
protein concentration showed a slight reduction
with time.

Signs of atrophy (i.e. a reduction in the mucosal
mass) were apparent in  the ileum. DMA showed a
slight increase whilst protein concentration was
reduced.

Gastrin levels showed an initial early fall but the
values had reverted to normal by Fa. Glucasgon
levels wpere significantly raised throughout,
whereas VIP values showed only a significant rise

at P,
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Discussion

As the =site o©f ocbstruction is moved more
distally, the internsity and the duration ocf the
initial dilatational response o0+ the =stomach is
proportionately reduced as discussed earlier (vide
supra). The stomach, after an Lz obstruction,
behaves in a way rather similar to the later
periods of the L, obstruction. A clow and
progressive increase in the surface area is evident
as the gastric emptying becomes progressively more
delayed. The maximal increase in the surface area
occurs in the antrum which increased by 7% by FPas.

As this was a slow process of accomodation, ho
signiticant alteration in muscle or mucocsal weight
was noted. However, it 1e perhaps important to
realise that the slight increase in DNA  in  the
cbstructed animals suggest an increase in the cell
population to account for the slpw increase in  the
surtace area. Although no measureable change
occurred in the muscle mass, this does not preclude
the expected response of gradual muscile hypertrophy
ard hence increase in bulk., This may simply reflect
the measurement of the early part of the response
and i1t may well be that if survivel of tre erire.
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allow a measurable increase in muscle bulk.

The jejunal response, rather mirrors the
adaptive fteatures exhibited by the stomachk. As  the
obetruction was produced at the mwid small bowel,
dilatation of the upper jejunum was rnot an early
feature. Indeed, when it did occur (at Fo and Fs)
it was not in excess of the dilatation achieved
after 2 hiah (L.} ebstruction. Thereby, perhaps,
enphasizing the concept that dilatation in this
part cf the bowel has 1its own morphological
limitations.

As part of the normal response to obstructiorn,
jejunal muscle mass did increase and this increase
was identical to the muscle mass increase +following
the L,y obstruction. Cne would have expected that
the degree of hypertrophy / hyperplasia is maximal
tlosest to the site of the pbstruction and
therefore the proximal jejunal response to L=
abstructiorn should have besn less marked. The
charnging nature of the +ood itseldt {fluid
pruximally , semi-solid distally) would support the
latter concept; therefore, this is clearly not the
mechanism involved. It is more feasible toc assume
that the stimulus to an increase in the muscle bulk
originates from the peristaltic activity which is
Uniformly accentuated in the bowel proximal to the

obstructiaon.
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A slight increase in the mucosal mass
together with a slight reduction in DNA
cancentration was observed, but this was not
significant. This effect wmay well be spurious.
However the fact that an increase in weight had

occurred cannot be dismissed.
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tv. The effect of a distal (La) small bowel
obstruction on the oesophagus, stomach, jejunum and

ileum

Qesophagus, Stomach and Jejunumnm:

The 1nduction of a distal small bowel
obstruction produces no appreciable change in
gither the morphology or mworphometry o+t the

nesaphagqus, stamach or jejunum.

Ileum:

Following an Ls obstruction, thers was a
significantly rapid and massive increase in  the
gross weight of the ileum as compared with controls
(Table 17). The alteration 1In gress weight was
associated with with an increase in bowel
circumference with significant changes occurring at
day 7 (Py). Increases in gross weight and bowel
diameter were reflected in an increase in  both
muscle and mucosal weights with significant values
being rnoted by P,. DNA and protein concentration
showed a gradual reduction with time, both being

significantly reduced at Fs.

Hormonal Respanse
Distal small intestinal obstruction failed to

produce any change in the serum gastrin levels



TAELE 17

Ileum
Fi Fz Fs

Gross Wt img)

0 1154+£1032" 1892.74£179 ! 242713031

C 320131 SEZ.943%.46 429+47.3
Muscie "

G 2870.44£110"  14934243" 120412315

C 240139 258131 271426
Mucosal *

0 282, &4£570 400,998 S821156,5"

C 204£12.32 125221 158+£232.46
Circumference (mmn)

o] 1141, 1% 15.2+Z.8" 21.7£3.16"

C 6.810.F 7.3x0.7 7.5%£1.0
DNA

g 4.87x0.26 3.84+0.25 2, 94+0, 294

c 4.120.37 4,5£0.41 4,820.34
Pﬁotein

a 0.047x0, 005 0.03Z£0.00% 0.0372120.014

c 0.056120.004 0.0554£0.003 0.0511£0.007

#p=0.05, ~p=0.01, "p=0.001, !'pr0.001
Changes illustrating the dilatation and hypertrophy

eccurring in the ileum following a distal swall
bowel obstruction.
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compared with controls. In fact, Friomd 9gastrin
levels at day 7 were significantly reduced.

Platma N-glucagon levels were tound to be
signifticantly (p=0.001) raised for z1] time
periods as compared with controls., Maximum values

obtained were 3201£34ng/1 {control values being

195+20n3/1) .

TAELE 18

Gastrointestinal Hormones

Hormone (ng/1) Fia Fa Fa
Gastrin
a 741143 152+35% 124+21
C 1946127 199431 180121

M-Glucagon

0 292+35" Z20£45" 285+29"

C 200£41 193+34 1792427
V.ILP

0 115211" 7413 71x14

C 49412 58417 52116
"p=0.001
Gactrointestinal hormone profiles in animals

undergoing a distal small bowel obstruction.

[y
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ViP values showed a significant increase at F,
(0:115+1tng/1 vs C: 40%14ng/1; p=0.00C1). thereater
the levels declined in a scstepwise fashion to

control values.



summary of Results:

No morphological changes were identified in the
pesophagus, stomach and jejunum.

The ileum recsponded by a gross intrease in  weight
and clrcumference, suggesting dilatation of the
bowel, hypertrophy of the mwmuscle coats and an
increase in mucosal weight. DMA cotcentration was
increased whereas protein concentration chowed a
gradual reduction with time.

Gastrin levels were unchanged. VIP exhibited an
garly rise which returned to control values by Ps.
N-glucagon levels showed a significant and

persistently raised level.



Discussionh.

The jejunum and ileum, although part of the
small intestine exhibit 4fundamental differences
both in structure and function. As has been argued
earlier, some of the anatomical and physiological
difterences are the result of their location in the
gastrointestinal tract®®-2% and although their
weight / unit area is different, reflecting the
larger bulk in the jejunum, the mucosa ! muscle
ratio 1s identical. Operations of jejuno - ileal
transposition contirm that some anatomical
adaptation does occuri®-1*=®, However this does not
seem applicable in the response of the two segments
of bowel to obstruction.

Although both structures respond with arn
increase in their gross weight, two fundamental
differences emerge oh closer inspection (Fig 11).
The first is that the ileal response 1is motre
dramatic and is a combination of both muscle and
mucosal increase in bulk. The jejunal response is
more ’subduesd’ and the changes in weight are
primarily an alteration in the muscle moiety. The
second is that dilatation is not a pronounced
feature of the jejunum.

Increase in muscle mass has been previously

shown to be the result of both hypertrophy and



FIGURE 11

A compariszon between the jejunal and ileal
response, as measursd by the 3ross weisht and

the muscle and mucosal mass, to cbstruction.
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hyperplasia and as there is no reason to suggest
that ileal muscle differs from jejunal muscle,
other factors must be responsible for this
discrepancy. Blood-borne factors would affect both
sections of the gastrointestinal tract, In
addition, GI hormones are krnown to have little
effect on muscle. It is therefore unlikely that
systemic influences play any modulating role,.

A plausible suggestion is that a mechanical
factor is involved and this could operate in two
ways. Increasing obstruction results in  increased
peristaltic activity leading to work hypertrophy.
As the degree of stenosis was similar for both the
jejunum and ileum, 1t i1s unlikely that this factor
is operative for the noted discrepancy. The second
reason may be related to the nature of the
intestinal chyme. Jleal chyme is semisolid as

oppossd to the jejunal contents which are liguid.

There would therefore be reguired a greater
meéchanical effort in the ileum to deliver this
semisolid material through the stenotic lesion.
Gross dilatation does not seem to be a feature
of the jejunum and this again may be related to the
fact that the more liguid intestinal contents are
more easily expressed through the stenosis. It is

ghvisaged, that as the ileal contents are more

difficult to exXpress, a buildup of contents,



leading to dilatation, occcurs.
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substantiated by the fact that although hkyperaemia
was noted at all pericds of study (i.e. at 7, 11
and 15 days), VIF levels were indeed reduced to
control values by Fs.

N-Glucagon, on the contrary, showed a stepwise
increase with increasing dilatation of the distal
small bowel. It has beern demonstrated that this
hormone bears a direct relationship to CCPR*&®®, it
may therefore be argued that increasing levels mnavy
be required to sustain the increasing "mucaosal
bulk" noted in this situation. It wmay also be
suggested, perhaps more plausibly, that 1t may
simply be a passive response to increasing bowel
dilatation or increasing intraluminal contents.
Further worlk will be reguired to determine the

"cause and effect” relationship.

[y
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1. The effect of a rormal and low residue diet

(LRD) on the normal gastrointestinal morphology.

Cesophagus:
There was no detectable difference in  the
morphology ot the oesophagus in the LRD $fsd animals

as compatred with chow fed rats.

Stomach:

The +eeding of & low residue diet (LRD) to
normal rats led to a slight reduction in body
weight (Chow fed vs LRD fed: 16112.8g9m vs  15048gm
at 7d;y 172+44.5gm vs 141+7gm at 15d). Despite this
change in body weight, stomach measurements in  LRD
animals were not dissimilar from chow fed controls
(Table 19). QOverall weight at 7 and 1S dave post
operatively showsed a slight increase in the weight
of the stomach as compared with chow fed controls.
This was applicable to both muscle and mucosal
weights,

The effect on the surface area was however
different. Overall, the LRD group  had a
significantly larger surface area. The relative

Size of the rumen, fundus and antral areas was also

—
)
I



TAEBLE 19

Stomach
day 7 day 15

Gross Wt (mg)

Chow 870+102 9Z20+140

LRD FT0+35 10460G+59
Muscle Wt

Chow 744+85 752190

LRD 832+72 2981467
Mucosal Wt

Chow 1261168 122422

LRD 118410 162115
Stomach SA (sg mm)

Chow 1482+1174 14484103

LRD 1817+£150 1708+138
Rumen SA

Chow Z054+25 246037

LRD 290128 255141
Fundus 5A

Chow 7201243 748163

LRD 727451 715458
Antrum SA

Chow 4467408 40031

LRD S00+52 73812110
DNA

Chow S.340. 63 5.140.432

LRD 4.&+£0.45 4,740,358
Frotein

Chow 0.086+0.00&" 0.088+0., 008"

LRD 0.042+0.004 0.045+0.007

#p=0.05,

“p=0.01, "p=0.001
Comparison of the changes in the weight, surtface

area (SA), DNA and protein concentration of stomach
from animals fed either chow or a low residue diet.



dissimilar. Whilst the fundus formed 1/2 (48%) of
the total area of the cstomach in the chow fed
animals, with the antrum and the rumen torming 31%
and 20% respectively, LRD fed animals developed an
absclute and proportionately larger antral surface
area (44%) at the expense of the rumen (11%) ., The
surface area of the fundus was nat significantly
reduced (40%). Histological assessment of the
thickness ot the stomach layers suggested that the
LRD group had a reduced thickness o0+ both muscle
and mucosal components compared with chow controls.

The DMA mucosal concentration of LRD  animals
was not dissimilar to the chow group either at 7 or
S davys. Frotein concentration was howsver
sighificantly lower in the LRD animals at both time

intervals.

Small intestine.
Jejunum:

Despite a reductien in the total body weight
when feeding on & LRD, the jejunal gross weight was
not significantly different from that of chow fed
Controls (Table 20). In addition there was a
similar graded increase at days 7 and 15 in the LRD
group as in the chow fed animals. This would
suggest that despite a reduction in body weight,

jejunal mass increased. The mucosal to muscle ratie



remalned constant. Unlike protein concentration
which was slightly reduced, DNMA concentration was
unaltered at 7 davs. However there was a
sighniticant reduction in both indices in the LRD

group at 13 daws.

Ileum:
The overall weight of the ileal samples
obtained +from animals +fed on a LRD was not

different from the chow aroup at day 7 (Fi). Bw

day 15 (Fa, there was a slight overall reduction

which was not significant (Table 21). There was no
noticeable charnge in the muscle mass either at 7 or
15 davys. Mucaosal mass in the LRD group was similar
to chow +fed controls at 2 days but was
signiticantly lower at 1S dawys. There was an
initial significant increase in DMNA concentration
in the LRD group versus chow fed controlsj this
differerce was howsver not in evidence at 15 davys.
Protein concentration was reduced both at 7 and 15

days in the LRD aroup.



TAEBLE 20

Jejurum
day 7 day 15

Gross Wt (mqg)

Chow SE2+61 S46+73

LRD 735473 758151
Muscle Wt

Chow 2624161 461173

LRD 430128 330+39
Mucosal Wt

Chow 120+43 1851329

LRD 205133 272141
Circumterence (mm)

Chow 7.820.6 &.1+x0.8

LRD 7.520.6 7.59+0.4
DNA

Chow 4.6£0.8 4,7+0.58

LRD 4,5£0.3 Z.3x0.4
Protein

Chow 0.0635+0,007 0.064£0.0084

LRD 0.0355+£0.003 0.0471x0.004
H#p=0, 05

Table illustrating the jejunal parameters followirng
feeding with chow and a low residue diet,

[N
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TABLE 21

Ileum
day 7 day 15

Gross Wt {(mg)

Chow 4791649 306445

LRD 448471 421453
Muscle Wt

Chow 269+£31 2331458

LRD 260123 332541
Mucosal Wt

Chow 19047 751424

LRD 188+21 S&+25
Circumterence (mm)

Chow 7.620,3 7.810.5

LRD 7.5x20.4 7.9x£0.6
DNA

Chow 4.320.9 9.2+0.7

LRD 6.8x0.4 4.940.4
Protein

Chow 0.058£0, 0032+ 0.05220.009%

LRD 0.04&6+£0,003 0.035+0.002
#p=0.05, ¥p=0.02
Ileal changes following the ingestion of & low

residue diet as compared with chow fed controls.



Hormonal Response:

Introducing normal rate to a low residue diet
(Table 22), results in a significant and sustained
drop in serum gastrin levels compared with chow fed
animals; the values obtained being 7248ng/1 at 7
days and 42+28n9/1 at 15 davs. The differences noted
between the two time periods were also significant,
suggesting a continuing fall in the serum gastrin,
It is ihte{étihg to rnote, that in spite of an
increace in the antral area of the stomach in  the
LRD +=d animals, this was not sufficient to
maintain the normal serum gastrin levels.

M-glucagon levels in animals +&d on an LRED
were found to be at 182417ng/1 and Z00+1S5ng/1 at 7
and 15 days respectively. These wvalues were not
dissimilar to those obtained in chow +fed controls
{(19¢+17ng/1 at 7 days and 1465+ Z2ing/1 at 15 days).

Like N-glucasgon, serum VIF levels in  the LRD
group were similar to their chow fed controls

(Pdays: 40+12.éng/1, 1%days: &7x17na/1).
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TAELE 272

Gastrointestinal

Hormone day 7
Gastrin
Chow 1856+310°
LRD 72£10

N-Glucagon

Chow 184£3%

LRD 183%17
VoILFP.

Chow 47416

LRD 4013

"p=0, 001, 'p>0.001

Bastrointestinal hormone profiles

Hormones

day 1%

181+43"

41412

172+£41

200+37

44414

&0+19

‘ollowing

ingestion of chow and a low residue diet.
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4a,

4b.

Ja.

Sb.

Sc.

Summary of results

The rats on & low residue diet exhibited a
reduction in body weight when maintained on a 1low
residue diet.

Mo morphological changes in  the oesophagus were
noted.

The gross weight of the stomach showed an increase
at both 7 and 1S5S davs. The increase was reflected
in both the muscle and mucosal portions.,

Overall surface area increased, with the main
increase occuring in the antrum.

DNA concentration was similar to control animals,
whilet protein concentation was significantly
lower,

Jejurnal gross weight was maintained with a constant
muscle ! mucosal ratio.

Both DNA and protein concentration were reduced at
15 days.

There was a slight but insignificant reduction in
ileal gross weight at 15 davs.

Muscle mases was caonstant. Mucosal weight was
diminished at 15 davs.

DNA concentration showed an initial rise. Protein
concentration was reduced at both 7 and 135 days.
Serum gastrin showed a significant drop both at 7

and 15 days as compared with controls. MN-g5lucagon
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and VIF levels were unchanged.

Discussion,

hd

Diet plays a crucial role in gut maintenanc

beth in a direct and an indirect manner, Thi

m

indirect role is related to the effect diet has on
the general rnutrition and wellbeing of the arnimal
and in therefore peripheral toc the discussion. The
direct etfect, on the other hand, can be considered

=) local

(]
n

as being two pronged: firstly, it ha
effect on the mucosal integrity (local nutrition,
hormonal stimulation) and secondly, a mechanical
one; the presence of food bulk acting as a stimulus
to peristaltic activity with the resulting
maintenance of bulk and tonse of the muscularis
externa.

Reduction in the bulk of the dieset should
therefore, by the reduction of the mechanical
stimuluse to the bowel, result primarily in
reduction o©of muscle mass (disuse atrophv). In
addition, the reduced stimulus to gastrin
secretion, as noted here, may result in mucosal
atraphy.

The oesophagus exhibited no overall change.
Muscular activity, consequent to peristalsis, is

similar both during ingestion of liguids as well as
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solids and therefore as shown, ho change in muscle
bulk occurs. The mucosa, beirg stratified SQuUamnous
in nature, is completely independent of gastrin
secretion and is therefore not liable to undergo
atrophic change.

The results of the gastric changes in response
to a low residue diet are at variance with
previously reported work in animalsS2-32 yhere it
was noted that no increase in stomach surface area
was roted after feeding with an LRD. This present
work showed an initial significant increass in the
surface area of the stomach as compared with chow
ted controls. This increase in gastric surtace area
may well be due to an initial dilatational eftfect
in response to the presence of a hyperosmolar
soclution. Such an effect is supported by the
finding of a slightly reduced thickress af the
stomach muscularis externa on light microscopy. In
addition, mucosal DMA concentraticen remained
constant whilst the protein moiety was reduced.
This finding would suggest that mucosal change
accompanying this dilatational effect is a purely
passive one, in that there is no increased cell
production (rno change in DNA concentration) and the
protein concentration is reduced, suggesting a
‘stretch® effect. Surprisingly however, both the

nMuscle and the mucosal moieties of the LED +ed
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animals showed & slight increase in weight. This
$inding 1is obviously in conflict with the
suggestion ot gastric dilatatiorn where no increace
in weight would be expected. This spurious finding
is thereforese most probably due to an irncrease in
the interstitial fluid in the stomach wall (oedema)
as a result of the hyperosmolar +feed.

The antral surface area exhibits an almost
100% increase in the surface area as compared with
the chow fed controls and this increase, unlike the
fundus and rumern changes, persists throughout the
period ot the study. This disproportionate increase
in antral area is difficult to explain. One
suggestion might be related to the presence ot the
hyperosmolar feed. It is known that administration
ot such liguids result in diminished gastric
emptving. This might eventually lead to gastric
dilatation where the brunt of the effect 1is borne
by the antrum.

The 4features of dilatation noted in the
stomach were not in evidence in the upper small
intestine (jejunum). Indesd the response of the
jgjunum was very similar to the ileum where both
segments of the small bowel had gross weights
comparable to chow fed animals. Inkeeping with the
features roted for the gastfic nuscle, no

substantial weight differences were noted for the
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small intestine, inspite o+ the significant
reduction in the dietary bulk. This is particularly
more surprising in the ileum as very little o+ the
dietary intake is avaliable to the ileum. Several
reasons may account for this discrepancy. It may
perhaps be argued that the intestinal secretions
present in the ileum may be sufficiently viscid to
provide a effective stimulus to peristaltic
activity thus preventing disuse atrophy.
Alternatively perhaps, it may be the fact that the
time interval cf the study was not sufficiently
long to register disuse atrophy.

The bulk of the small intestinal mucosa was
well maintained even in the ileum. However,
inkeeping with other studies®®-=4, both the DNA
and the protein concentration showed a marked
reduction suggesting atrophy and one would suspect
that i+f the experiment had bezn prolonged
sufficiently, as described previously, the gellular
atrophy noted would eventually be sufficient to
result in the reduction of the gross mucosal

weight,
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11. The ef+fect of a low residue diet on the

m

gastrointestinal response to obestruction.

This section deals primarily with the effect
ot sternosics at the mid small bowel level (L=) on
the gastrointestinal tract in these animals $+ed on

a low residue diet.

Qesophagus!
There was no obvious change 1n the ossophagus
in rats with a mid small bowel cbstruction +e=d on a

low residue diet.

Stomach:

The introduction of a mid csmall bowel
obstruction on animals f=d on a LRD results in a
decrease in the gross weight o©f the stomach as

compared with LRD fed controls. This occurs at both

Th

id

the 2  and 15 day intervals {(Table 2Z23). !
alteration in gross weight is purely 2 reflection
in the reduction o©Ff the muscle moiety of the
stomach. Mucosal bulk, at both the intervals
studied remained unaltered. DNA concentration was
not significantly altered in cither the obstructed

or control groups at both periods of study. Protein

- 3 - 1 3 ) kY]
Concentration/mg mucosa was howeVver significantly



TABLE 22

Stomach
day 7 day 1%

Gross Wt (mg)

0 Eo04163 2751294

C 950+41 10464143
Muscle Wt

u} 720£4%5 76015658

C 817439 910+21
Mucosal Wt

u} 120425 115+28

o 1231215 154129
DA

o 4.64£0. 325 4.8120.75%

C 5.520.4 4.7+0.35
Frotein

6} 0.07210.005¥% 0.042+0, 0065

C 0.04651:0.007# 0.045+0.0046
Stomach SA (sqQ mm)

a 2302+225" 142%9+126

C 17991170 16935+1%2
Rumen SA

0 320425 2186+26

C 2904123 z252+21
Fundus 35A

0 210444 585147

C 715+61 705453
Antrum SA

a 11632186 S38+74

c 794154 ?35+£100

#p=0.05, ¥p=0.02, "p=0.01

Arimals fed on a low residue diet! CcmpaﬁiSnﬁ of
stomach parameters between obstructed (mid small
bowel) and control animals.



increased in the obstructed animals at both 7 and
1§ davs.

Compared with obstructed animals (L) fed on

n

chow, the LRD obstructed group showed an initially
lower stomach weight; the main difference being,
once agaih, due to a lower gross muscle weight. DNA
and protein concentration per mwg  mucosa were
unchanged.

The <=stomach surface area in chow +ed
obstructed animals showed a slow but progressive
increase with time. On the cther hand, obestructed
animals fed on a LRD showed a rapid increase 1in the
surface area at 7 days. This increase was however
not sustained and had dropped to below control
values at 15 davs.

Alteration in the size ot the antrum was the
compohent -esponsible for the changes in the
stomach surface area noted above. Antral increase

cted animals at 15

[

persisted in chow ted obstr

davsi thi increase wacs however rnot maintained i

mn

m

the LRED fed group. indeed antral size had rec.c

[l

to belcw control values a

-

by
-t
[a}

"

i

Proporticns ot the ruten e2nd

unaltered,.
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Small Intestine

Jejunum:

Following 7 days obstruction, chow +ed animals
exhibited an increase in the gross weight, muscle
and mucosal weights of the jejunum as compared with
chow ted cantrols. At 1S5 days, the increase was
significant for the parameters studied. Protein
concentration was reduced at 15 davs. DNA
concentration showed no appreciable change at
either 7 or 15 days.

After f+eeding the obstructed animals with a
LRD for 7 and 15 <days, no significant changes
cccurted in the gross weight, muscle or mucosal
moieties as compared with controls fed either a LRD
{Table 24) or chow. DMA and protein concentration
were howsver significantly reduced at 7 days but

returrned to LRD fed control values at 15 davs.

Ileum:

Seven days following obstruction, chow fed
animals showed no significant change in the gross
weight of the ileum. Muscle as well as mucosal
moieties equally remained unaltered. Feeding the

obstructed animals a LRD, did not result in any



Gross Wt
o
c
Muscle Wt
0
C
Mucosal W

0

C

Circumference

a

c
DNA

0

C
Protein

]

c

#p=0.05,

Comparison of jejunal measurements from
residue diet.

and contr

TAE
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d
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t
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]

0.

“p=0.01
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29149,

28+6¢

04139
P2+0.92
g£7+0.73
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2+0,.55

L0S320. 006

.0561£0.004

obstructed



alteration the ileal muscle or mucosal weight
when compared with LRD (Table 25) or chow +ed
controls. DMA as well as protein concentration were
reduced suggesting atrophyv.

Intestinal cbstruction leads to a significant
atrophy in the gross weight of the ileum after 15
days, it the chow +ed animals, with the main
reduction in bulk occurring in the mucosa. Muscle
bulk remained largely unaltered. The mucosal
DNA/protein concentration was also unaffected.

Following 15 davys obstruction in LRD {fed rats,
all the parameters measured (gross weight, mnuscle
and mucosal weights) were maintained as compared
with LRD +fed controcls. Compared with chow +fed
control rats, gross ard muscle weights were largely
unchanged. Mucosal weight was however significantly
reduced. However when this group of animals was
compatred with the chow fed obstructed animals, the
LRD groun maintained their mucosal weight
5}9ni+icant1y batter (Fig 12).

Ileal DNA concentration in the LRD +fed group
was not different from the chow controls.

Obstruction in this group (LRD) did not alter the



TABLE 25

Ileum
day 7 day 15

Gross Wt

ul 322+46.5 4304772

C 357+61.3 427+96
Muscle Wt

0 221443 3154+24

C 262136 328433.5
Mucosal Wt

0 101.3£19.5 114432

C 24.6+23.1 9LE.E8414
Circumference {(mm)

0 7.220.4 7.3210.5

c 7.220.6 7.0£0.9
DNA

Q 2.9910.%4 4,360,568

C 6.73£0.1 4,4+0.69
Frotein

a 0.042x£0.0078 0.04220.005

C 0.066£0.008 0.03520.002
#p=0. 05
Ileal charges noted in obstructed and control rats

fed on a low recidue diet.



FIGURE 12

Histograms illustrating the different degrees
of 1leal mucesal atrophy occurring in rats:
l.undergoing a mid small bowel obstruction, fed
a) either on chow or b) on a low residue diet,
and 2. control rats fed on a) a low residue

diet and b) normal chow.
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DNA concentration. Frotein corntent in LRD controls
was, on the other hand, markedly reduced and this
reflected the overall reducticn in mucosal weight.
The LKD obstructed group hkad a reduced protein
content compared to chow fed animals but maintained
a higher protein concentration as compared with

their own controls.

Hormonal Response:

Obstructed animals fed on an LRD produced
serum gastrin levels in excess of 200ng/1 at day 7.
This was csignificantly greater than LRD +ed
controls and animals with a comparable cbstruction
fed on a chow diet. These levels however were no
higher than chow f=d controls.

The antral surface area of obstructed LRD
animals was also significantly increased as
compared with LRD controls and chow fed obstructed
animals. &t 15 davys, serum gastrin levels returnsd
to values similar to LRD f=d controls. Theres was no
corcommitant reduction in the antral surface area.

No significant alteration was noted in the
serum levels of either N-glucagaon or VIP in LRD fed
obstructed animals as compared with LRD and chow
fed controls. There was however & significant
difference in the N-glucagon levels between the LRD

and chow fed obstructed groups at  both 7  and 15

15¢



davys.

TABLE 26

Gastrointestinal Hormones

Hormone davy 7 day 15
Gastrin
0 266123, 1" 115£17
C F6121 F4+33

N-Glucagon

o] 1865427 183140

C 1823417 200427
V.ILP.

a ICE R 41£17

C 4013 &0419
"p=0.001

Gastrointestinal Hormone profiles in animals fed on
a low residue diet: a comparison between obstructed
and control animals.
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Summary of results

Mo pesophageal response was identified.
Gross weight of the stomach was reduced as compared
with LRD fed controls. This was mainly due to a
reductiorn in muscle weight., Mucosal weight and
hernnce DNA concentrations were unaltered. Protein
concentration was significantly increased. Surface
area showed an intial significant increase but then
returned to below control values at 13 davs;s the
maih change occurring in the antrum.

Compared with chow +fed obstructed (Lz) animals
stomach weight was lower due to a reduction in
muscle weight. DMA and protein concentrations were

unchanged. Surface area changes were similar to

There was no change in the muscle or nucosal weight
aof the jejunum in obstructed LRD +Fed animals as
compared with LRD fed controls. DMA and protein
concentration were reduced at 7 days but returne
to control values at 1S davs.

As compared with chow fed obstructed animals,
gross, muscle and mucosal weights wer e
significantly lower. DNA and protein concentration
were also significantly reduced.

Ileal weight remained constant in comparison with

both LRD and chow fed controls. Muscle and mucosal



mass were maintained. DNA and protein concentration
were reduced.

Serum qastrin showed an initial (Pday) rise but
then ~eturned to  normal levels by 15 dave.
MN-g9lucagon and VIP levels were similar to LRD  +fed

controls.
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Discussion

As highlighted earlieres, the presence of
tood bulk is important for the maintenance of gut
morphology, in particular, the muscle mass. Hence
tfeeding the animal on a low residue diet completely
abolishes the hypertrophic response of the muscle
ot both the stomach and small intestine to
obstruction. This would therefore suggest that the
increase peristaltic activity roted in small bowel
obstruction i1s not, per se, the dominant factor in
producing hypertrophy. It i=s the rnature and in
particular, the bulk of the +food which seems to
determine the hypertrophic response.

Food deprivation, either absolute as in

starvation and bypass procedures or relativ in

m
w
u

the feeding o+ a low residus diet, result in  the
development of varying degrees of mucosal atrophy.
Muscle mass is never appreciably reduced as the
p=riods of study are relatively too short to allow
grpss esvidence ot muscle atrophy to appear. The
mucosal features of disuse atrophvy, i.e. reduced
DNA and protein concentration / mg mucosa, could be
demonstrated in the ileum progressively deprived of
luminal nutrition following obstruction. Ubstructed
animals fed on a low residue diet did exkhibit some

degree of mucosal atrophy when compared with chow



fed controls. However the slight atrophy noted was
not any more praonounced than the LRD fed controls.
Indeed 1t was significantly less obvicus than in
compatrably obstructed animals fed on chow., This
observation, once again, suggesits that it is the
local factors rather than systemic ones that mnust
be responsible ftor mainternance of the ileal mucosa.
It is postulated that the bulk of a rnormal diet is
too thick to be expressed through the strictured
bowel. This is confirmed by the finding of
progressively reduced intestinal contents with the
progress of the experiment (gradually increasing
stenosis). This would result in gradual deprivation
of nutrients to the ileal mucosa leading to
atrophy. The watery nature of the LRD, on the other
hand, ensures that sufficient guantities of
nutrients reach the ileal segment.

It would therefore appear thet this type of
diet may be beneficial in not only preventing the
zdaptive features notsd +following &a small bowel
cbstruction but it may also be beneficial in

preventing the post-stenctic atraphv.



FART FOUR

GENERAL SUMMARY OF RESULTS

AND DISCUSSION
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11, Gverall Summary of Resulte

Body Weight

Chow +2d animals exhibited an intial post
operative drop in weight, This was maximal at &
days then accelerated to normal values thereafter.

Arnimals fed on a low residue diet exhibited
the same post operative mean percentage drop in
body weight. An increase in weight was evident
atter the 6th day but the incremental values were
below those of their chow fed counterparts.

All animals urndergoing & small bowel
pbstruction developed an early post operative

reduction in weight. Their weight regain was below

L

that of either chow aor LRD 4ed controcls and never
returrned to normal values during the course ot the
experiment; the chow +ed animals with the high
obstruction (L) exhibited the ieacst deticit in

weight and the LRD fed obstructed animals the most.

Sesophaqus

The tvype of diet had no noticeable effect on
pesophageal morphology in control animals.

Whilst mid and distal small bowel obstruction,
in chow +Fed animals, had no effect oh the

pesophagus, a high obstruction does cause an
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alteration in muscle weight, There was & gradual
increase in muscle mass with significant levels
being achieved at Fz, The muscle weight declined
thereatter.

Mo changes were noted in obstructed animals

fed on a LRD.

Stomach

The 3ross weight ot the stomach from control
animals ted on a LRD was not different from that of
chow fed controls. Muscle and mucosal weights
increased in a parallel fashion. The surtface area
and the relative size of the rumen, +undus and
antrum were considerably altered and are
illustrated in Table 27,

The adaptive response of the cstomach appears
to be related to the site of abstruction. An  Ls
obstruction, fails, in the time period of the
experiment, to produce any gastric reactiocn.

A mid and high small bowesl cbstruction produce
two different recponses. The main +findings are
shown in tabular form (Table 28). The different
teatures ot note are:

dilatation is an early and cshort lived phenomenon

following a high obstruction. With a lower (Lz)
obstruction, dilatation is aradual and occurs
later.

3
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TAELE 27

STOMACH CONTROLS
LRD ve Chow
7 davs (Fy) 15 davs (Fz)

Gress surtace

area ++ +
Rumeh " -- --
Fundus " Q O
Antrum " ++ + 4
DNA O ]
Frotein -- -

Measurements of stomach parameters {from control

rats fed on chow and a low residus diet.

Key to tables 27 - 32

0 ho change

+/- slight increase or decrease
++/-- signitficant increase or decrease

3
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Gross surtace area
Fumen "
Fundus "
Arntrum "
Weight - gross

" muscle

" nucose
D&
Frotein
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response
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0
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TAELE 29

STOMACH
LRD Obstruction (Lz) vs LRD controls
7 days {(F,.) 1% davys (Fa)

Gross weight -- -

Muscle ! -- -=
mucosal " Q G
Gross surface area ++ 0
Rumen " Q G
Fundus " O Q
Antrum " ++ -
DNA - O
Frotein ++ ++

Comparison ot stomach parameters of obstructed and
control rats fed on a low residue diet.

TAELE 20

STOMACH
Lz obstructed animals
LRD vs Chow diets
7 davs (Py) 15 days (Fga)

Gross weight - -

" muscle -- Q
" mucosa 0 0
"Gross surface area ++ --
Rumen " 0] -
Fundus " ++ -
Antrum " ++ --
DNA ¢ O
Frotein 0 0
The response of the stomach to obstruction!: a

comparison between chow and low residue dist fed
rats.



an increase in gross weight accompanies dilatation
in an L, obstruction. Delaved dilatation in an L=

obstruction is rnot asspciated with a weight change

DNA concentration mirrors the mucosal changes in
both types of obstruction: hyperbolic in Ly, o
change irn La.

Introducing an LRD to obstructed znimals {rnid
small bowel) results in a reduction in gross and
muscle weight of the stomach for both time periods
(7, 15 days) as compared with LRD +fed controls,.
Zurtace area showed an early transient increase,

@).

h)

the main changes occcuring in the antrum (Table

Feeding obstructed animals with an LRD rather
tharr chow (Table 30) resulted in  an initial
reduction in gross stomach weight, but the weight
~e¢turned to that of chow fed obstructed animals by
15 days. The initial dilatation seen early was
completely reversed and by Fa. the surftace area
was significantly less than that of chow fed

obstructed animals.

Jejunum

The jejunal gross weight of chow +fed control
animals was nhot different from that of LRD fed
arnimals. In both instances there was a Jradual
increase in weight with time. This increase applied

to both the muscle and mnucosal cections. No



La

Gross weilght
Muscle "
Mucosal "
Circumference

DNA

Frotein

Gross weight
Muscle "
Mucosal "
Circumference
DNA

Frotein

TAEL

E 31

JEJUNUM

Chow

obstruction

Fa

++

cbhbstruction

Fi

+

Jejunal changes following

bowel

pbstruction.

diet

vs controle
Fz

+ 4+

++

O

ve Controls
Fa

++

and

=3 ki 9 h
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alteration in bowel circumtererce was noted. DNA
and protein concentrations were however both
reduced at 15 days in LRD +4ed animalc.

The changes associated with L, and Lo tvypoes

of obstruction are illustrated 11 Table G The

Bt

ecssential features illiustrated are:

je2junal muscle wesight increases rapidlv in response
to obstruction.

the bowel circumterence does not show a significant
change suggesting that jejunal dilatation is
limited.

Ar Lz type of obstruction procduced rno vigible

changes ih the upper jejunum  of animals +ed on
chow.

TADLE zZZ2

JEJUNUM

Lz obstructed animals
LRD vs Chow

7 days (Fg) 1% days (Fz)
Gross weight - --
Muscle " - ' -=
Mucosal ™ 0 Q
Circumterence - -
DNA 0 -
Protein O @
Jejunal response to obstructior a camparison

T h
betweern chow and low residue diet fed rat

u



No significant changes were seen in the gross,
muscle and mucosal weighte of obstructed animals
ted on a LFED as compared with controls fed either
orn a LRD or chow. Bowel circumference was equally
unaltered. DMA and protein concentration showed arn
initial drop but returned to control values by 15
days.

LFED ted obstructed animals failed to produce

the hypertraphic jejunal response

i

eehn 1n

obetructed (Lz) animals fed on chow (Table Z2).

Ileum

The ileum ot animals fed on a LRD showed a
=light reduction in weight as compared with chow
fed animals. The main reduction occocuwred in  the
mucosal mass (significant by Fa) and this was
accompanied by both a reduction in DNA and protein
concentration.

An L, obstruction had no effect on the ileun.

An Lz obstruction resulted in a significantly
reduced ileal weight with the main reductiaon
pccuring in the mucosa. This was associated with a
slight increase in DNA and a reduced protein
concentration.

La cbstruction produced a significant
increase in muscle and mucosal weight of the ileum.

The bowel circumference was also significantly



increased. DNA and protein concentration showed &
qradual reduction with time.

LRD fed obstructed animals maintained their
mucasal weight significantly better as compared
with chow fed obstructed animals. This Was
reflected in a rise ihn DNA and protein

concentration.

Hormones

Feeding of a low residue diet resultse in a
significant drop in circulating gastrin. VIF and
N-glucagon were unatfected.

Gastrin levels showsed a significant rise
following an L, obstruction and a slight drop at
Ls.

Serum M-glucagon levels showed a significant
rise at both Lz and Lz obstruction with the
maximum values bsing obtained at La.

VIF values showed a significant elevation in
Ls. A late rise in Lz was also noted.

LRD fed obstructed animals showsed an early
rise in serum gastrin but these values returned +to
control (LRD) levels at 15 days. VIP and MN-glucagon

levels in this situation were unaltered.
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12. Final Diczcussion

This study has been ocut to try to identify the
gastrointestinal adaptation to obstruction and the
modulating effect of the diet on these adaptive
processes.

Orne important feature that emerged +rom the
results is that adaptation in the alimentary system
is not an event localised to the site o©of the
stimulus., It has been shown that if the stimulus
applied is internse and persistent, these adaptive
changes can be seen to involve the more proximal
segments of the bowel. Clear adaptational changes
are seen, for example, in the ossophagqus +following
a high jejurnal obstruction.

In general terms, the respaonse exhibited has
been a spectrum of both dilatation (a passive
regponse) and hypertrophy /  hvperplasia (active
response).

Dilatation is the zcute phase response to an
obstruction. It occumned early and was always found
in close proximity to the obstruction. With the

notable exception of the oesesophagus, dilatation was

it

a feature common to all segments o+t th
gastrointestinal tract investigated with different

seqments responding in  different wavs. It would



theretore seem that anv alteraticns that do occur
are not only determined by the nature and duration
of the stimulus (a= discuesed earlier) but are
limited by the structural components of the organ
{such as the relative thickness gf the muscularis
externa, wallilumen ratio, the spatial arrangement
of the muscle fibres and the strength of the lamina
propria) and 1ts predetermined functional capacity.

These are elegantly exemplified by the stomach
which is a ’starage’ organ, and thersefore with the
smallest wall:lumen ratio, cshowing TN 1 UTh
dilatation;s the thicker walled jejunal (Lthick
lamina propria) showitg only modest dilatation
compared with the ileum; the oesaophagus, with a
thick lamina propria and the largest wall to lumen
ratio exhibiting no detectable response.

There was no evidence to suggest that either
hypertrophy or hyperplasia of the mucosal cells
occurr=d during dilatation. The DMA and protein
concentration per w3 wmucosa (wiith the sole
exception ot the gastric mucosa in the early phases
of L, obstruction) were unaltered. However when
expressed as concentration per unit area, both DNA
and protein concentration were markedly reduced.
This would suggest that the mucosal response was
simply a ’stretch’ effect.

The muscle coat exhibited a different responss
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in that an increase in the bulk and weight was
registered in all the tissues studied. The increase
in weight, which was achieved early was maintained

{with the exception of o

g

spophagesl muscle). As
previous qguantitative methods, utilizing ileal
muscle, have shown!”?*, the muscular response is
one of both hypertrophy and hyperplasia and it may
not be i1naccurate to assume that these changes
occur not only in ileum but also in the more
proximal portions of the gastrointestinal tract.

One cannhot overlook the hyperbolic changes
observed in the oesophagus. As discussed earlier,
the suddern rise and fall in weight cannot be simply
the result of simple hypertrophy and atrophy.
Gedema of the bowel wall is thought to be a
factor*<° and it iz very probable that it alcso
played a minor role in the weight g9ain noted in the
stomach and small intestine.

As illustrated earlier, a normal diet +ailed
to produce any active wmucosal response in  the
ocbstructed bowel. It is thought however, to be the
main stimulus for the production ot hypsrtrophy and
hyperplasia of the muscle coat. This concept is
endorsed by the finding that the administration of
a low residue diet, not only reduced the degree of
dilatation in both the stomach and small bowel but

alsoc completely abolished the hypertrophic response



of the bowel to obstruction.

Thic 4inding lends support to the theorstical
concept that the adminiestration of a low residue
diet to patients with intestinal strictures reducss

the hyper-peristaltic activity which manifect

n

iteelf as abdominal colic symptomatically and
muscle hypertrophy morphologically.

In addition, it may be argued that some
dilatation (and therefore increase in surface area)
proximal to a strictured segment of small bowel
might be considered advantageous. This is
particularly so in conditions where rnormal csmall

bowel is at a premium (e.9. Crohn’s disease). Apart

1]

$rom allowing largesr volumes of chyme to b
accomodated in the intestine, these +indings have
shown that dilataticn simply ceuses the rnucosa to
be ’stretched’ out, further cCompromising the
surface:volume ratic. This makes this adaptational
respornse positively dstrimental.

One disadvantage of the administration of a
low residue diet is, as already stated, mucosal
atrophy. It is wusually mild and occurs early,
Indeed, in these experiments using Trisorbon,
gastric and small intestinal mucosal atrophy was in
evidence by 7 days. Other trials have illustrated
the same principle although the dearee o©of atrophy

was shown to vary with the individual dietS%.
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Disuse atrophy in the post-stenotic segment of
the bowel was shown to occur later and in  parallel
experiments using detfunctioned bowsl, was qguite
marked. Eoth dietary related and post-stenotic
atrophy are natural physiological CONSeguUences,
Whilst the former is i1nevitable, these present
results have indicated that the severity o0f the
past-stenotic atrophy can be reduced, Inde=d, it
has been shaown that mucosal atrophy in obstructed
animals fed on a low residue diet was significantly
less than that of the chow fed counterparts.

Discrepancies in the size of the stenoses

leading to uneqgual guantities of +ood bein

[Av}

expressed, cannot be implicated as all the Jumina
were "standardised". This finding must therefore be
due to either the liguid diet and/or intestinal
secretions reaching the lower 1leumn, or the
indirect result of some stimulus (?hormonal)
generated by the diet.

The two hormones which have been most often
implicated in the control of intestinal epithelial
cell proliferation are gastrin and M-glucaqon.

Gastrin was found to be persistently elevated
in one situation, namsly in chow fed animals with a
high jejunal obstruction. A transient increase in
the levels of this hormone was also seen  in

obstructed animals fed on a low residue dieset. These
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elevations simply represent the antral respornse to
stretch in the forwer case and the presence ot a
hyperosmolar solution in the latter. Whilst o
post-stenctic ileal mucosal atrophy was sesrn in L,

obstructed animals, the trophic role of gastrin is
doubtful and it is more likely that the "food
column” present distal to the stenosis is
responsible  for the maintenance of the ileal
mucosa. More pertinent is the fact that serum
gastrin levels were more depressed in  obstructed
animals fed on a low residus diet as compared with
chow fed counterparts.

The other trophic hormone N-glucagon and the
neurapeptide VIF showed significant elevation 1in
situations of mechanical stress to the bowel i.e.
during dilatation (similar to the antral stretch
effect leading to a rise in serum gastrin). No
alterationsin serum levels wers seesn during the
administration of a low residue diet. One can
therefore conclude that no evidence exists to
implicate a hormonal role.

The direct role ot the diet sesms theretfore to
be primarily recsponsible. These results reguire
further corroboration but if substantiated, this
might suggest a possible way or reducing
post-stenotic atrophy thereby leaving a more narmal

absbrptive intestinal surface.
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Z.Aprendix

1. Reagents used for Deoxyribonucleic

Acid (DHNA) estimation.

Stock DNA:
Highly polymerised calt thymus DHNA (sigma Ltd.) 40

mg DNA/100 ml SmN NalOH. Eguivalent to (=) .1

m
0

35ug

atom DHMA-F/ml.

Working Standards:

0.2m1 Stock + 2.8ml1 S%TCA

I

7.,005ng atoms DMA-F/ml.
0.4ml " + 9.6ml1 S%TCA = 14.01ng " "

0.8ml " + 2.2Zml S%TCA = 228.02n9 " "

o)

1.6ml " +

.4ml S%TCA = 546.04ng " "

5.5% Trichloroacetic Acid (TCA).

5% n "

&0% Ferchloric Acid.

2% Agueous Acetaldehvyde.



Diphenylamine Reagent!:

Sml Diphenvlamine dissolved in 240ml Glacial Acetic
Acid;

add Sml concentrated Sulphuric Acidj

make up to 250ml with Glacial Acetic Acidj

add 1.25ml o+t 2% agueous Acetaldehvde.
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11, Reagente uvused for Frotein

estimation

Stock protein:
Fovine serum albumin (Sigma  Ltd.) dissolved in

saline.

Working Standards:

No Ssalime &Standard ug Frotein/ C.D.

ml ml ml &Z251m

Bk 1.0 0 0 0.022
1 0.9 0.1 25 0.071

z 0.8 0.2 20 0.140

3 0.7 0.3 7 0,202

4 0.6 0.4 100 0.262

S 0.5 0.5 125 0.218

é 0.4 0.4 130 0.274

7 0.2 0.7 175 0.426

a 0.2 0.8 200 0.47%

2 0.1 0.9 225 0.521

10 G 1.0 250 0.35¢



(3]

Alkaline Copper Reagent:

Reagent Al 2% Na=2Cls in C.10N NaGH.

FReagent E: 0.5% CuS04.SH=0 in 1% sodium
tartarate.

Mix Soml of Re=agent A to Iml of Reagent E,

Folin Ciocalteu phennol reagent:

Titrate Folin-Ciocalteu phenol reagent (Sigma Ltd.)

with NaOH to a phenolphthalein end point. Dilute

the reagent thus obtainsd to make i1t to 1 N

acid.



111. Average calculated composition

ot the Diets used

(Analwvsisi gm per 100 3m)

Chow LRD
FProtein 17.9 12.0
Carbohvydrate 57.0 56.0
Fat 17.4 17.0
Calcium 0.82 0.&3%
Fhosphorus 0.732 0.62¥%
Sodium G, 22 0.46
Fotassium Q.72 0.7%8
Magnesium 0.1 Q.08%
Chloride 0.5 0.%
Iron 0,01 0.007
Vit A (i.u.) 1500 1230
Vit D2 (i.u.) 240 250%
Folic Acid (m3) 0.021 0.0437
Energy (kcal) 320 500

¥ supplemented



The rat average dzily consumption is Z0 gm of chow.
This provides approximately &5 kcal of energyv.
The average daily water intake of an adult rat is
35-50 ml.

The low residue diet +eed Was prepared

g
<

dissolving 1 sachet (85 gm) in 200 ml water.
Ar average daily intake of 50 wl of this solution

would provide the rat with about 70 kcal/davy.

,.
w
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