REVIEW

F OR SMALL BOWEL BASIC SCIENCE. AS
L in all parts of medicine, there has
‘been an explosion of information. This
isthe second of a two-part series in which
the scientific basis upon which clinical
gastroenterology practice is based is con-
sidered and toward which clinical prac-
Jee is moving.

ETHANOL

Chronic ingestion of ethanol has a
‘minimal impact on the intestinal absorp-
tion of calcium, when assessed in vivo,
‘butrenders the brush border membrane
less permeable to calcium and less sus-
ceptible to the stimulation by ethanol of
calcium flux across this membrane (1).
Ethanol and other alcohols inhibit the
intestinal transport of folates (2). Chronic
ethanol ingestion reduces enterocyte
turnover in rat jejunum and ileum and

increases lactase activiry and the maxi-
mum capacity for galactose absorption
(3). This effect is possibly due to an
increased maturity of the enterocyte pop-
ulation of the villus surface in response
to ethanol.

In rats with a jejunal self-filling diver-
ticulum (blind-loop), there is a consid-
erable amount of ethanol oxidized in the
gastrointestinal lumen. The resulting
high concentrations of acetylaldehyde in
{h(‘ llllL',.‘"h[in'di llln1l.'n 'JnLi th' por (ﬂl hl(‘(,d
may contribute to the deleterious effect
on the gastrointestinal mucosa and liver
(4). Conditions associated with excessive
proliteranon of intestinal microorganisms
may thus result in the production of eth-
anol and acervlaldehyde.

The acute and chronic administration
of ethanol inhibits the intestinal absorp-
tion of a variety of nutrients. The addi-
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tnon of amiloride, a sodium rransport
blocker, produces substantial increases
in sodium dependent solute uptake in
isolated villus cells in the presence of eth-
anol (). This suggests that activation or
development of amiloride sensitive so-
dium conductance channels may be an
carly consequence of intestinal villus cell
exposure to ethanol

Acute and chronic ethanol ingestion
alters intestinal transport of nutrients,
in part due to alterations in the brush
border membrane content of phospho-
lipids (6). There is a stimulatory effect
of ethanol on the intestinal absorption
of choline with both acute and chronic
cthanol administration to rats (7). This
enhancement in choline absorption is
likely related to ethanol metabaolism,
since there is a latency in this effect of
ethanol and because pyrazol, an inhibi-
tor of ethanol metabolism, prevents the
increase in choline absorption. Choline
uptake is unaffected by acetaldehyde or
acetate. This raises the possibility that
the enhancing effect of alcohol on cho-
line absorption is related to stimulation
by other products of ethanol metabolism
such as changes in ATP, ADP and
NADH.

Chronic alcohol ingestion in the rat
decreases the jejunal villus cell popula-
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tion, increases the crypt cell population,
has no effect on the crypt cell produc-
tion rate and appears to cause a length-
ening of the cell cycle time (8). The meta-
phase arrest technique has also been
used to demonstrate a selective increase
in the erypt cell production rate in the
rectal mucosa of ethanol fed rats (9). Fea-
tures of this hyperproliferative state in
ethanol fed animals are an increased cell
production per crypt and an upward
extension of the proliferative compart-
ment comprising the lower half of crypts.
Mucosal alcohol dehydrogenase activi-
ties are increased in rectal mucosa after
prolonged ethanol ingestion and this, or
the increased serum gastrin concentra-
tions in alcohol treated animals, may give
rise to the rectal hyperproliferation. Fur-
ther investigations are needed tw deter-
mine whether these findings are also evi-
dentin humans, especially with respect
to the increased incidence of rectal can-
cer found in alcoholics.

Intraluminal ethanol in concentrations
normally found in the duodenojejunal
lumen after moderate drinking causes
morphological lesions and alterations
in the mucosal microcirculation. Intra-
luminal efianol causes microvascular sta-
sis manifested by vasodilatation, hemo-
concentration, increased microvascular
arteriovenous shunting of blood through
nonnutritive microvessels and enhanced
secretory filtration of plasma from the
mucosal microvasculature into the gut
lumen. These changes were accompa-
nied by an enhanced mucosal microvas-
cular permeability (10). Dual-sized iso-
tope labelled microspheres have demon-
strated microvascular stasis manifested
by vasodilatation, hemoconcentration,
increased microvascular arteriovenous
shunting of blood through the nonnu-
tritive microvessels and enhanced secre-
tory filtration of plasma from the muco-
sal microvasculature into the gut lumen.
Using colloidal carbon vascular labelling
technique, it has been demonstrated in
dogs that 6% intraluminal ethanol causes
marked accumulation of carbon parti-
cles in the walls of the capillaries and
microvenules of the villus tips, localized
between the endothelial cell and the
basolamina of the microvessels. The
escape of these particles from the lumen
probably occurs through cell junctions.
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The remarkable similarity of these find-
ings and those following the production
of acute inflammation raise the possibil-
ity that the known release or production
of some of the mediators of acute inflam-
mation may be responsible for the etha-
nol associated changes in mucosal micro-
vascular permeability (10).

DEVELOPMENT, ONTOGENY
AND AGEING

The small intestine of rats undergoes
a concertof morphologic and enzymatic
changes during the latter half of the third
week after birth. These developmental
changes result in a mature intestine func-
tionally optimal for the digestion and
absorption of the carbohydrate rich diet
of adults. Among the enzymatic changes,
lactase activity decreases and sucrase
activity appears and increases. This mor-
phologic and enzymatic differentiation
is considered to be initiated by an onto-
genic timing mechanism which is mod-
ulated by extrinsic, systemic and lumi-
nal factors. For example, an ontogenic
timing mechanism likely initiates the
expression of sucrase activity (1),

The initiation of the post natal onto-
genic events in the rat gastrointestinal
tract is probably determined by the ani-
mal's genetic program, while the termi-
nal phase of intestinal development
seems to be influenced more by envi-
ronmental factors such as nutrients, hor-
mones and other mediators. The mor-
phological and functional development
of the intestine has been the subjectof a
recent review (12).

Maturation of gastrointestinal function
during the perinatal period is accompa-
nied by substantial changes in the gas-
trointestinal surface. These differences
include: higher lipid to protein ratios;
more fluidity and disorganized structure;
the presence of an additional calcium
binding site contributing to the higher
calcium binding capacity of the brush
border membrane of neonates; greater
binding of cholera toxin to the mature
brush border membrane; and alterations
in binding of concanavalin A as well as
other lectins ( 13).

Small intestinal epithelium is more
permeable in the neonatal period than
after weaning. ‘Closure’ or cessation of
immunoglobulin absorption occurs at

weaning with concomitant modifications
of epithelial renewal and function. In
humans, which receive their passive
immunity exclusively before birth, non-
immunoglobulin macromolecular trans-
fer is also thought to be high during the
neonatal period because of the immatu-
rity of the intestinal mucosa. Horserad-
ish peroxidase is transported by way of
two functional pathways: a major route
involving lysosomal degradation and a
minor route allowing transport of the
intact protein. There appears to be a rate
limiting step in the absorption before the
lysosomal system, presumably at the
brush border membrane, and develop-
ment of these two transcellular pathways
for nonimmunoglobulin protein absorp-
tion is not parallel and does not corre-
late with gut closure to immunoglobu-
lin rransfer (14).

It is generally assumed that breast milk
is specifically milored to the nutritional
and developmental needs of the new-
born. The differences between colos-
trum and feeding artificial food formu-
las have been attributed to one of the
trophic factors known to be present in
colostrum and human milk. The post
natal development changes in small intes-
tinal enzyme activity are complex and
multifactorial, including genetic pro-
gramming, hormones and dietary com-
ponents. Lactose may have an important
function in the stabilization of newborn
intestinal disaccharidase enzyme (15),
thereby preserving rather than inducing
enzyme activity. Lactose may thus have
arole in the function of the developing
small intestine along with other multi-
ple ‘growth factors’ present in human
milk.

Several factors have been proposed to
regulate the physiological events which
surround the developmental changes
which occur in the small intestine dur-
ing the post natal period. The factors
which have been propased include glu-
cocorticoids, insulin, thyroxin and epi-
dermal growth factors. High concentra-
tions of epidermal growth factors are
found in mouse and rat milk through-
out lactation with maximal levels be-
tween approximately one week and
declining towards weaning. At this time
there is a marked increase in endoge-
nous epidermal growth factor produc-
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tion from the neonate salivary glands and
dntact epidermal growth factor may be
ahsorbed in the small intestine. Epider-
mal growth factor receptors are present
mouse small intestine with minimal
binding at birth. This binding increases
steadily throughout post natal life to
reach adult values by approximately one
month of age ( 16). These points all raise
the possibility that epidermal growth fac-
toris a modulator in the functional devel-
opment of the maturing gastrointestinal
wract. Suckled newborn animals have a
greater intestinal growth than animals
which are fed water or artificial formula;
breast-milk fed animals also have heav-
fer intestines which contain more DNA
than those given artificial formula (17).

Human transforming growth factor
binds to an epithelial cell line with reduc-
tion in thymidine incorporation, vet pro-
motion of sucrase activity ( 18). This sug-
gests that transforming growth factor may
inhibit proliferative activity and promote
adult development of differentiared
function in intestinal epithelial cells.

The epithelial cell population in the
intestinal mucosa is comprised of a
dynamic continuum ranging from ac-
tively proliterating stem cells to termi-
nally differentiated enterocytes lacking
mitotic activity. Loss of villus cells must
e closely balanced by proliferation in
the mitotically active crypt region with
the subsequent maturation of these cells
into the highly differentiated functional
absorptive cells. Mitotic activity is con-
fined to the crypt region and must be
finely tuned to the rapid rate of loss of
mature enterocytes from the villus, Crypt
cell production may be regulated by neg-
ative control with suppression of prolif-
eration mediated through a factor pro-
duced in the villus. [tis unclear whether
the rate of subsequent cellular differen-
tation is intrinsically linked to the rate
of proliferation, or whether this process
isindependently controlled.

Both term and preterm infants have
some degree of carbohydrate malabsorp-
tion. This may be related to the lactose
load in the diet of healthy term infants
‘which may exceed the total capacity of
the small intestine to hydrolyze this sugar,
orit may be due to the smaller surface
area of the neonatal small bowel as com-
pared to that of older infants. Although
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lactase activity reaches its highest levels
at birth, incomplete lactose absorption
may be normal in healthy term infants.
Indeed, infants who are malabsorbers
are more commonly formula or mixed
fed than breast fed (19).

The enterohepatic circulation of bile
salts 1s important for the maintenance
of a bile salt pool of sufficient size and
concentration to permit absorption of
dietary lipid. The factors involved in the
maintenance of a sufficient bile salt pool
include the rate of hepatic bile salt syn-
thesis, the concentration of bile salts by
the gallbladder and efficient reabsorp-
tion of bile salt conjugates in the intes-
tine. The bile salt pool size in newborn
infants is decreased when compared with
surface area-matched healthy adults.
Experimental observations in immature
laboratory animals and in human infants
suggest that active transport of bile acids
in the ileum is not fully operational and
that the bile salt pool is diminished dur-
ing the feral and neonatwl period. Bile
salt transport is mediated by a sodium
dependent co-transport system that is
similar to that described for glucose,
amino acids and inorganic phosphates.

Taurocholate transport into rat ileal
brush border membrane vesicles is in-
completely developed in two-week-old
sucking rats but becomes fully expressed
by the time of weaning at three weeks of
age (20). Kinetic analysis suggests that
maturation of the taurocholate carriers
occurs near weaning, primarily through
an increase in functional bile acid carri-
ers within the ileal brush border mem-
brane (21). Using brush border mem-
brane vesicles, sodium enhanced uptake
of taurocholate appeared abruptly and
was firstapparent on day 17 and an over-
shoot uptake was demonstrated on day
18. The lower maximal transport rate and
higher apparent Michaelis, constant in
young as compared with adult rats, likely
reflected a difference in the number of
functional bile acid carriers, The change
in these kinetic constants could also
reflect developmental alterations in the
physical character of the membrane
itself, with subsequent enhancementof
carrier-substrate interaction. The appear-
ance of active ileal transport of bile acids
parallels other significant developmen-
tal changes such as increasing plasma lev-
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elsof endogenous corticosteroid and thy-
roxin, alterations in membrane micro-
environment and expansion of the bile
acid pool (resulting from coexistent mat-
uration of hepatic uptake, synthesis and
excretion). [t remains unclear what is the
importance of glucocorticoids in the
development of ileal active bile salt trans-
port and this has been questioned (22).

Thus, while glucocorticoid treatment
promotes precocious development of
some intestinal transport systems such
as magnesium, calcium and glucose
dependent sodium transport and vira-
min B12 absorption, this effect is not uni-
form. Preterm infants whose mothers
received dexamethasone or phenobar-
bital have been found to have larger bile
salt pools, increased bile salt synthesis
and reduced turnover rates for cholate
and chenodeoxycholate compared to
similarly aged infants of untreated mo-
thers; an influence of dexamethasone on
the intestinal contribution to the main-
tenance of bile salt pool size appears
unlikely.

In both rabbits and rats, there are
increases in the cholesterol to phospho-
lipid ratio and a corresponding decrease
in membrane fluidity in ileal brush bor-
der membrane at the time of weaning
(23). With increasing post natal age, the
microvillus membrane cholesterol con-
tent rises while the phospholipid con-
tent remains unchanged. Simultaneous-
ly, the microvillus membrane facty acid
composition changes from predomi-
nantly saturated to unsaturated species
in both jejunum and ileum (23). How-
ever, the absence of fluidity change at
37°C suggests that the association of
alterations in active ileal bile salt trans-
port and microvillus membrane lipid
composition and fluidity may not be
physiologically significant or interrelated.

What are the factors responsible for
the ontogenic expression of intestinal
digestive and transportfunction? Regu-
latory factors that may initiate matura-
tional changes include the pituitary-
adrenal-thyroid secretion. While these
hormones may modulate the develop-
mental changes, the initiation of intesti-
nal maturation is not dependent upon
these factors. For example, studies using
a transplantation technique in which
jejunal isographs from newborn rats were
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implanted under the skin of newborn
hosts, demonstrated an ontogenic tim-
ing mechanism in the jejunum which ini-
tiates the expression of sucrase activity
(24). This activity is modulated by extrin-
sic systemic and luminal factors, but the
timing for sucrase activity expression
appears to be a stringent inherent prop-
erty of the tissue itself. The cellular basis
for the timing of the expression of sucrase
activity is unknown but may be medi-
ated by the number of cell divisions. The
weaning period is characterized by a shift
from a liquid, fat rich, low iron diet sup-
plied by the mother w a solid diet which
is rich in carbohydrates and iron. The
propartion of carbohydrate relative ©
fat and the iron content of the weaning
diet are critical for the maturation of
intestinal microvillus enzymes but not
for the ontogenic changes in DNA
synthesis.

Initiation of changes in intestinal cell
proliferation, DNA synthesis and muco-
sal enzymies are not diet dependent, but
may be triggered by the interaction of
the genetic program and hormonal medi-
ators. The protein content of the weaning
diet modb\latcs the ontogenic changes in
DNA synthesis and appears to be a fac-
tor in the completion of the growth of
the gastrointestinal tract (25). The exact
mechanism by which luminal nutrients
modify this developmental process re-
mains an enigma. However, the practi-
cal impact of, for example. the use of
total parenteral nutrition for nutritional
support of infants with disorders of the
gastrointestinal tract is clear, with re-
duced development of stomach, small
bowel and pancreatic growth (26). Thus,
despite normal weight gain, rotal serum
protein and hematocrit concentrations,
intravenously fed animals failed to
develop normally.

Dietary insult at an early age may affect
the normal development of some of the
functional properties of the gastrointes-
tinal tract. These effects may continue
into later life and impair later develop-
ment of the intestinal tract. For exam-
ple, a two week period of undernutri-
tion in the rat followed by later nutritional
rehabilitation is associated with signifi-
cantly elevated intestinal lactase activity
as compared with a well nourished con-
trol group (27). The protein content of
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the weanling diet modulates the onto-
genic changes in DNA synthesis and may
be a factor in the completion of the
growth of the gastrointestinal tract (26).
However, while diet plays an important
role in maintaining intestinal lactase
activity during the sucking period (28),
such luminal factors likely have a lim-
ited temporal role.

Is intestinal transport of sugars and
amino acids subject to critical period pro-
gramming? The brilliant pioneering
work of Karasov and co-workers (29) has
raised this important question. Critical
period phenomena are events in which
a biological mechanism is turned irre-
versibly on or off only once during an
individual’s lifetime in response o con-
ditions prevailing at some critical stage.
Early diet changes in the carbohydrate-
protein ratio have irreversible effects on
gut and baody size, but early changes in
dietary composition of these macronu-
trients do not appear to exert specific
irreversible effects on transport of glu-
cose, choline, leucine, lysine or aspartate.
It is unclear why early diet had irrevers-
ible anatomic effects which persisted
when mice were switched to the same
or opposite rations at an early age, bur
did not have a specific effect on glucose
transport independent of the effect on
intestinal mass.

Understanding of the regulatory me-
chanism of intestinal differentiation orig-
inates mainly from studies on the ratand
mouse. However, the morphological and
functional development of the human
intestine is unlike that of the rat and
mouse: the fetal human intestine orga-
nizes villi covered with well differentiated
enterocytes during the end of the first
term in utero. By 12 weeks of gestation,
maltase and sucrase show an activiry
about half that of a young child. Alka-
line phosphatase is present at 10 weeks
and rises until week 23 of gestation. Lac-
tase activity remains low during the
entire gestational period and increases
during the last weeks of pregnancy. Using
organ culture of human fetal small intes-
tine, specific increases of lactase and alka-
line phosphatase activities were induced
by the addition of hydrocortisone to the
culture medium. As well, DNA synthesis
was increased, together with an increase
in the labelling index of the epithelial

cells (30).

Factors controlling enzymatic matura-
tion during ontogenesis of the gur are
now being examined in human feral
intestine maintained in organ culture
(31). The addition of dexamethasone.
insulin or amniotic fluid to the culture
medium did not further enhance brush
barder enzyme activities, except for lac-
tase, the levels of which were doubled
by the dexamethasone. Thus, in addi-
tion to the differences which exist among
mammalian species in the timing of
enzyme development, there may be a
species speciticity in the factors involved
in fetal enzymatic maturation. Feeding
amino acids with a two or three carbon
skeletan (except for cysteine, butinclud-
ing D-amino acidsand nonmetabolizable
amino acids) strongly induced intestinal
arnithine decarboxylase activity. The
amino acids that induce hepatic orni-
thine decarboxylase have no specific
structural characteristic. Accumulation
of amino acids seems to be necessary for
induction of hepatic ornithine decarb-
oxylase because, regardless of the admin-
istration route, the enzyme was induced.
However, humoral factors do notappear
to be related to induction of intestinal
ornithine decarboxylase. because the
enzyme was induced only in the segment
perfused with solutions of specific amino
acids (32).

The process of ageing alters the struc-
ture and function of the small intestine.
The epithelial cells that line small intes-
tinal eryprs and villi exhibit prolifera-
tion, migration and differentiation. Dur-
ing differentiation, enterocytes lose the
ability to synthesize DNA and acquire
specific enzymes such as the disacchari-
dases, alkaline phosphatase and enzymes
of the DNA salvage pathway, The order
pattern of enzyme expression is main-
rained in ageing rats but the initiation
and duration are delayed (33). Because
peak specific enzyme activities are sim-
ilar in young and ageing animals, the
reduced specific activities in mucosal
homogenates from ageing animals must
be due o an increase in the proportion
of relatively undifferentiated villus epi-
thelial cells.

Fram the time of birth to senescence,
there are alterations in the digestive and
transport function of the intestine. Many

CAN ] GASTROENTEROL




of the investigations have been per-
formed in rodents and have shown, for
example, a reduction in the carrier medi-
ated absorption of valine and lysine (34).
This suggests that the activity (number)
of carrier molecules for absorprion of
these amino acids declines with ageing.

The effect of ageing on the absorp-
tion of some nutrients is likely a specific
effect on the uptake mechanism rather
than any effect on the morphaology of the
small bowel (35). For example, the trans-
portof phosphate across the small intes-
tine consists of two components, a sat-
urable electroneurral sodium dependent
component and an unsaturable sodium
independent component. The energy
driving the first component is provided
by an extracellular to intracellular so-
dium gradient maintained by the sodium
potassium ATPase ar the basolateral
membrane. Both components of phos-
phate uptake decline with ageing (36).
There is increased intestinal perme-
ability to low molecular weight polyethy-
lene glycol in old as compared with
young rats (37.38), suggesting that the
intestinal protective barrier to the absorp-
tion of potentially harmful environmen-
tal substances may be less efficient in age-
ing animals. However, the absorption of
some solutes such as xylose are unaf-
fected by ageing (39).

DIABETES MELLITUS

The gastrointestinal tract is frequently
affected in diabetes mellitus. There may
be reduced peristalsis and dilatation of
the esophagus, gastric retention, disor-
dered small intestinal movement and
colonic atony or megacolon. Small bowel
transit may be rapid and there may be
diminished intestinal tone in some pa-
tients with diabetic diarrhea, whereas
other patients may have delayed transit
through the ileum and increased intes-
tinal motor activity. There may be
absent post prandial gastrocolonic re-
sponses in diabetic patients suffering
from constipation.

Enhanced absorption of amino acids,
glucose, bile acids, phosphates, choles-
terol, fatty acids and fauy aleohols has
been reported in rats with experimen-
mldiabetes (40,41). Acute diabetes mel-
litus in the rat is associated with enhanced
sodium dependent uptake of phosphate
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into jejunal brush border membrane ves-
icles (42). This was likely due to an
increase in the activity of sodium-phos-
phate co-transporters rather than due to
any change in the sodium driving force
for transport, a gradient maintained by
the sodium potassium ATPase in the
basolateral membrane.

There are also increased zinc concen-
trations in the many organs in diabetic
animals; this is likely due to a combina-
tion of diabetes induced hyperphagia
and altered absorption and retention of
zinc. Results from an isotope dilution
study have indicated that diabetic, but
not control, animals are capable of ab-
sorbing increased zinc in response to
enhanced levels of dietary zinc and that
the amount of zinc excreted by the intes-
tine is less in diabetic than control ani-
mals (43). Thus, decreased intestinal
excretion of endogenous zine may be a
homeostatic response to the increased
urinary excretion of endogenous zinc in
the diabetic rats and may also lead o
elevated zinc concentrations observed in
some organs of the diabetic rat.

These alterations in absorption have
been associated with changes in the max-
imal transport capacities, passive perme-
ability properties of the intestine, alter-
ations in unstirred water layers, increased
mucosal mass, alterations in brush bor-
der membrane lipid content and recruit-
ment of additional brush border carri-
ers for sugar, probably in the mid-villus
to crypt region (44).

Diarrhea can be one of the most trou-
blesome gastrointestinal complications
in diabetes. Patients with this problem
are usually insulin dependent, have auto-
nomic neuropathy and have little or no
evidence of nutrient malabsorption or
enteropathy. Frequently the diarrhea is
intermittent, sometimes alternating with
constipation, but may be persistent and
severe. Nocturnal fecal incontinence is
common and treatment with conven-
tional antidiarrheal agents and anti-
biotics may be of limited use. Impaired
adrenergic regulation of intestinal fluid
and electrolyte transport has been sug-
gested as the pathophysiological basis for
diabetic diarrhea: these animals have
intestinal adrenergic neuropathy, im-
paired electrolyte absorption and im-
paired adrenergic innervation. The dia-
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betic diarrhea occurring in chronic dia-
betic rats appears to be due to impaired
adrenergic regulation of mucosal ion
transport accompanied by a post syn-
aptic denervation hypersensitivity that
can be reversed by clonidine (43).

In recent years, much effort has been
concentrated on reduction of post pran-
dial blood glucose levels in patients with
diabetes mellitus by dietary manipula-
tion. Ingestion of viscous polysaccharides
with meals may delay carbohydrate
absorption by impairing mixing in the
small intestine and also by slowing the
delivery of food into the small intestine
from the stomach. Incorporation into the
diet of slowly or incompletely digested
carbohydrate in the form of legumes
offers another way of retarding glucose
absorption. Infusion of fat emulsions into
the ileum or duodenum also slows the
transit of a meal through the stomach
and small intestine of human volunteers
and significantly reduces or abolishes the
immediate post prandial rises in blood
glucose and insulin (46). While ileal per-
fusion may have limited practical appli-
cation, feeding a high linoleic acid diet
diminishes the enhanced intestinal up-
take of glucose and galacrose in diabetic
rats (47).

Histologic studies of the myenteric
plexus of human large and small intes-
tine have revealed no abnormality spe-
cific for the diabetic state, although swell-
ing, ‘irregularity’ and disruption of the
parasympathetic fibres within the myen-
teric plexus of the esophagus have been
noted. Electrical field stimulation stud-
ies performed in diabetic rats demon-
strated lower atropine-sensitive contrac-
tion in strips from distal longitudinal
muscle in diabetic as compared with
nondiabetic control animals (48). This
suggests that streptozotocin induced dia-
betes mellirus is associated with defec-
tive cholinergic neuromuscular transmis-
sion in the myenteric plexus of the distal
small intestine. Insulin therapy seems to
improve this abnormality. Insulin recep-
tors have been identified on rat intesti-
nal cells and insulin injection, as well as
islet cell transplantation, normalize the
enhanced intestinal uptake of hexoses
and lipids in diabetic rats (49). While
there appears to be no significant changes
in gastrointestinal muscarinic receptors
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and adenylate cyclase activity in experi-
mental diabetes, the $-adrenergic and
serotonergic receptor activities are sig-
nificantly decreased (50). Diabetic rats
have a marked decrease in calcitonin-
gene related peptide-like immunoreac-
tivity nerve fibres around the ganglion
cells of the myenteric plexus of ileum and
proximal colon, without associated
change in substance P-like immunore-
activity in the enteric system (51). There
is also effective cholinergic neuromus-
cular transmission in the myenteric
plexus of the distal small intestine of dia-
betic animals, improved with insulin
therapy (48).

Diabetes alters metabolic activities in
the enterocyte: acute insulin deficiency
(induced by injection of anti-insulin
serum ) diminishes the rate of lactate pro-
duction from glucose in jejunal segments
in vitro and is accompanied by inhibi-
tion of phosphofructokinase and pyru-
vate dehydrogenase. Lipogenesis and
cholesterol synthesis share a common
precursor, acetyl CoA, derived from pyru-
vate generated by intestinal glycolysis.
The lower activities of phosphofructo-
kinase u&d pyruvate dehydrogenase in
the intestine would be expected to de-
crease the availability for lipogenesis of
acetyl CoA formed from glucose. How-
ever, the rate of lipogenesis in rat small
intestine increases on oral glucose load-
ing and decreases after induction of acute
insulin deficiency (52). The impairment
of lipogenesis can be partially reversed
by administration of insulin and paral-
lel changes in the rate of lipogenesis are
found in the liver.

Lipogenesis is known to be inhibited
by high levels of dietary fat and polyun-
saturated farty acids generally have the
greatest effect. Dietary linoleic acid is
much more potent than suerase in reduc-
ing hepatic A 9 desaturase activity. Both
fatty acid synthesis and A 9 desaturase
are insulin dependent. There is no rela-
tionship between A 9 desaturase activity
and either plasma insulin concentrations
or rates of insulin release when assessed
in both obese and lean male Zucker rats
(53). However, hepatic microsomal A 9
desaturase activities are inversely related
to the proportion of linoleic acid in liver
lipid. Thus, changes in plasma insulin
concentration are not primarily respon-
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sible for diet induced variations in the
activity of hepatic microsomal A 9 desa-
turase activity. While A 9 desaturase
activity of rat liver can be reduced by
chemical diabetes and increased by insu-
lin injection, changes in insulin secretion
within the physiological range are prob-
ably not the primary regulator of this
enzyme activity. The potential role of
using polyunsaturated fatty acid diets
in the treatment of diabetes mellitus
needs to be explored in man.

GASTROINTESTINAL
PEPTIDES

The endocrine cells of the digestive
system, the amines, peptides and their
modes of action have recently been
reviewed (54). The distribution of regu-
latory peptides in human jejunum has
been reported (55). Gastrin, secretin, gas-
tric inhibitory polypeptide, enteroglu-
cagon and neurotensin immunoreactiv-
ity were almost confined to the endo-
crine cell-containing mucosal epithelium
and only minor amounts of motilin were
detected in nonepithelial layers. Vaso-
active intestinal polypeptide, substance
P and mammalian bombesin were vir-
tually limited to nonepithelial layers.
Only somatostatin was found in all layers.
Vasoactive intestinal polypeptide:
Vasoactive intestinal polypeptide is
found in the central and peripheral auto-
nomic nervous system and is abundantly
present in the submucosal neurons that
project onto the intestinal mucosa. Vaso-
active intestinal polypeptide has the
potential of having a putative neuro-
transmittor role acting locally as a para-
crine substance, or at a distant target as
a hormone. The vasoactive intestinal
polypeptide stimulation of intestinal
secretion and inhibition of sodium chlo-
ride absorption is associated with a rise
in cyclic AMP within enterocytes. Vaso-
active intestinal polypeptide also in-
creases excitability of myenteric neurons,
enhances muscarinic cholinergic trans-
mission in sympathetic and parasympa-
thetic ganglia and increases the affinity
of muscarinic receptors. Vasoactive intes-
tinal polypeptide and other substances
that simulate secretion by increasing cyclic
AMP levelsin enterocytes potentiate the
calcium dependent, cholinergic phase of
the chloride secretory response evoked

by neural stimulation, but do not act as
a mediator of the noncholinergic phase
of this reponse (50).

Vasoactive intestinal polypeptide in-
hibits the response of B10 lymphocytes
to concanavalin A and phytohemagglu-
tinin (57). Duodenal acidification re-
leases vasoactive intestinal polypepride,
as does a meal containing a high fat con-
centration (58). Vasoactive intestinal
polypeptide is also a potent vasodilator
that can activate vascular smooth mus-
cle adenylate cyclase and thus potentially
contributes to the regulation of vascular
tone (59). Vasoactive intestinal polypep-
tide induces contractions of longitudi-
nal smooth muscle directly as well as indi-
rectly by the stimulation of both choli-
nergic neurons and noncholinergic
excitory neurons (60). As a neurotrans-
mitter, vasoactive intestinal polypeptide
is released adjacent to its target tissue and
is then rapidly degraded. A vasoactive
intestinal polypeptide receptor antago-
nist has been developed (61).

Motilin: During the interdigestive state
in humans and dogs, there is a cycling
migrating motor and electrical complex
in the gastrointestinal tracr and a peri-
odic cycling in the plasma concentration
of motilin. Cycling changes in plasma
motilin concentration reach a peak dur-
ing initiation of complexes in the stom-
ach. This observation has led to the sug-
gestion that motilin initiates the migrating
motor complex in that site.

Motilin is a gastrointestinal hormone
in the dog responsible for induction of
the phase Il component of the inter-
digestive migrating motor complex. Sero-
tonin (5-hydroxytryptamine) is present
in the enterochromaffin cells. Both 5-
hydroxytryptophan and hydroxytrypra-
mine initiate a phase [ll-like activity (62).
Motilin appears to initiate phasic con-
tractility in canine jejunum through the
cholinergically mediated release of muco-
sal serotonin (63). Motilinis found in the
mucosal cells of the small bowel and in
the brain in the pineal gland, pituitary,
hypothalamus and the Purkinje cells of
the cerebellum. However, initiation of
naturally occurring migrating motor com-
plexesin the dog may not be dependent
on endogenous release of motilin from
the central nervous system (64),
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Corticotropin releasing factor: Cor-
ticotropin releasing factor is a hypotha-
lamic hormone which stimulates the
seeretion of adrenocorticotrophic hor-
‘mone and B-endorphins when injected
by the intracerebral ventricular route.
'Eoriicmmpin releasing factor blocks the
eycling peaks of plasma motilin and
suppresses migrating motor complexes

b

165).

Somatostatin: Circulating plasma so-
‘matostatin may be a physiological mod-
lator of motilin release and the plasma
‘motilin decline seen during infusion of
pharmacological doses of secretin may
be explained by the secretin induced
somatostatin release which oceurs si-
‘multaneously (66), The effect of endo-
IENOUS SOMAtostatin on the gastrointesti-
al tract has recently been reviewed (67),
This hormone is thought to regulate in
some way the absorption and secretion
processes of the intestine as well as the
hameostasis of ingested nutrients. So-
‘matostatin has an inhibiting effecton the
secretagogue action of yasoactive intes-
tinal polypeptide mediated by cyclic
AMP, increases chloride and sodium
absorption in rabbit ileum, inhibits intes-
tinal absorption of glucose and xylose,
trglycerides, calcium, amino acids and
galactose (68).

Somatostatin suppresses cholera toxin
induced secretory diarrhea and the
appearance of glycoenzymes in the intes-
dinal lumen and lymph, but does not
effect the elevated mucosal cyclic AMP
concentration (09). This suggests that the
Jinhibitory facet of somatostatin acts on
aprocess beyond cyclic AMP formation.

Recently, an octapeptide somatostatin
analogue (SMS 201-997) has been devel-
oped. Itis structurally stabilized against
enzymatic degradation, has a circulating
half-life of approximately 70 mins, can
be given by subcutaneous injection and
has a dramatically beneficial effect on
diarrhea caused by VIPomas or ileal
resection (70). Mouth to cecum transit
time, as measured by the appearance of
nitrogen in the breath, is prolonged by
approximately fourfold after administra-
tion of this somatostatin analogue (71).
lralso increases fecal fat excretion, sup-
presses serum concentrations of galac-
tose after duodenal infusion, depresses
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duodenal trypsin, lipase and bilirubin
increases in response to endogenous
stimulation by a Lundh meal, abolishes
cholecystokinin release and gallbladder
contraction, and diminishes pancreatic
amylase, trypsin and lipase output after
stimulation with cholecystokinin (72).

Serotonin: Many hormones, including
serotonin (3-hydroxytryptamine), sub-
stance I, gastrin, motilin, cholecystoki-
nin, somatostatin and vasoactive intesti-
nal polypeptide have been demonstrated
within the gastrointestinal tract lumen,
either under basal conditions or after
vagal stimularion. Endoluminal release
of serotonin, substance P and motilin
occurs after electrical vagal stimulation
as well as afrer local increases in muco-
sal blood flow. Serotonin and substance
P are potent secretagogues on the proxi-
mal jejunum and substance P may act as
a local modulator of gastrointestinal
blood flow (73). Release of serotonin into
the intestinal lumen is increased after
vagal nerve stimulation, feeding and
increasing intraluminal pressure. This
intraluminal release of serotonin playsa
physiologic role in the modulation of
intestinal motility (74).

Serotinin is a potent intestinal secre-
tagogue in in virro and in vivo animal
models, and intravenous 5-hydroxytryp-
tamine infusions (which produce circu-
lating blood serotonin concentrations
similar to those seen in the carcinoid syn-
drome) produce significant jejunal secre-
tion of water and electrolytes. Because
patients with carcinoid syndrome fre-
quently have coexisting hyperseroto-
nemia diarrhea, a causal relationship has
been proposed. Other intestinal secre-
tagogues such as substance P and pros-
taglandins have also been found in
supranormal circulating concentrations
in patients with this disorder. Serotonin
stimulates net secretion of water and elec-
trolytes without altering mucosal ade-
nylate cyclase activity, cyclic AMP or eyclic
guanosine monophosphate (GMP). The
calcium dependent electrolyte transport
process is present in the intestine and is
stimulated by serosal application of
5-hydroxytryptamine, substance P, neur-
otensin and carbachol. Thus, calcium
may be important in modulating the
effects of serotonin (75).

Small bowel review (part 2)

Angiotensin: Extracellular volume
expansion with isbtonic saline leads to
an inhibition of ion and water absorp-
tion from the jejunal lumen of animals
maintained on a normal sodium diet. In
contrast, extracellular volume expansion
fails o suppress jejunal absorption in ani-
mals maintained on a low sodium diet.
Presumably saline infusion leads o
hemodilution and a reduction in plasma
oncotic pressure, which alters the bal-
ance of Starling forces across enteric cap-
illaries and thereby favours fluid secre-
rion into the intestine. A hormonal factor
is not implicated in the jejunal response
to volume expansion and decreased jeju-
nal absorption in animals given a high
sodium diet is not due to volume expan-
sion or to inhibition of the renin-angio-
tensin-aldosterone axis (76). Inhibition
of the renin-angiotensin system prevents
the elevation of jejunal absorption ob-
served after volume depletion and angio-
tensin when it must first be converted
to angiotensin 11 before jejunal absorp-
tion is stimulated (77).

Intravenous infusion of angiotensin 1
at doses close to the circulating concen-
tration of the peptide enhances jejunal
absorption. This increase in jejunal
absorption following volume depletion
can be prevented by captopril and by an
angiotensin receptor antagonist. Local
generation of angiotensin Il may play a
role in the control of intestinal absorp-
tion following extracellular volume de-
pletion. The jejunum is the site of con-
siderable angiotensinase activity and the
increase in jejunal absorption following
addition of angiotensin | can be pre-
vented by inhibition of jejunal convert-
ing enzyme (78).

Cholecystokinin: Peptides with chole-
cystokinin immunoreactivity are known
to occur in endocrine cells of the small
intestine as well as in central and periph-
eral neurons. Cholecystokinin-like pep-
tides present in canine brain and intes-
tine have been subjected to microse-
quence analysis and cholecystokinin-5
is the major one playing a physiological
role in brain function (79). L-tryptophan
may directly regulate the release of cho-
leeystokinin and membrane depolariza-
tion and intracellular generation of eyclic
AMP may play a role in activating cho-
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lecystokinin-containing cells (80). The
action of cholecystokinin on smooth
muscle is either direct or a mixture of
direct and neurally mediated effects. The
direct effect is usually contractile, where-
as the neurally mediated effect may be
contractile or inhibitory.

There appears o be a difference in
sensitivity of cholecystokinin receprtors
between muscle cells and neurons from
the same location as well as differences
in sensitivity between muscle cells from
various locations (81). Cholecystokinin
may be a'physiological mediator of intes-
tinal motility in humans and responses
of the intestine to the peptide would
appear to vary regionally (82).
Galanin: Galanin is a 29 amino acid
peptide which occurs in the brain and
intestine of rats, pigs and man. Two
molecular forms exist in humans (83)
and itis found exclusively in nerves(84).
The abundance of galanin in the inner-
vation of the mammalian gut and its
reported action on smooth muscle con-
tractility suggests that this peptide is a
novel regulatory factor in the control of
bowel function.

Substance P: Substance P is contained
in enterochromaffin cells as well as within
nerves of the intestinal plexuses. Electri-
cal stimulation of the vagus provokes
simultaneous intraluminal release of
5-hydroxytryptamine, substance P and
motilin. The release of 3-hydroxytryp-
tamine and substance P appears to be
under both cholinergic and adrenergic
control (85).

Others: Intraluminal gastrin enhances
galactose and glycine absorption in the
small intestine of rat (86).

Pancreatic polypeptide is localized in
the endocrine cells of the pancreas and
released after a feed (particularly pro-
tein) or cholinergic stimulation. The
plasma levels of pancreatic polypeptide
cycle with migrating motor complex,
peaking in the late phase Il in the fore-
gut. [t has been suggested that this hor-
mone could be responsible for the trans-
formation of fasted to fed type motility
pattern that occurs after a meal, Pancre-
atic polypeptide does notappear to play
any role in fasted intestinal motility, but
may contribute to the post prandial sup-
pression of migrating motor complexes

(87).
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Bombesin is located in the brain, gut
and skin of mammals. The inhibitory
effect of this peptide on gastrointestinal
transit, resulting from intrathecal admin-
istration of this tetradecapeptide, de-
pends upon an intact pituitary-adrenal
axis (38).

SECRETION, ABSORPTION
AND DIARRHEA

Intestinal ion transport and diarrheal
disease have been reviewed (89) and the
prospects for new agents in antidiarrheal
therapy have also been considered (90).
The role of corticosteroid in intestinal
ion transport has been reviewed (91).

Cholinergic agonists stimulate small
intestinal secretion, whereas adrenergic
agonists enhance absorption of salt water.
Cholinergic and adrenergic binding
receptors have been demonstrated on
intestinal epithelial cells. Vagal stimula-
tion induced by sham feeding reduces
absorption of salt and water from the
human jejunum and psychological stress
induced by dichotomous listening re-
duced water, and sodium chloride ab-
sorption, without altering intestinal
motility (92). This effect may be medi-
ated by a cholinergic parasympathetic
nervous mechanism.

Activation of local nervous reflexes
plays an important role in the pathogen-
esis of several different types of secre-
tion. The intestine is supplied with
extrinsic adrenergic fibres of sympathetic
origin. Alpha-adrenergic agonists de-
crease short circuit current by reducing
electrogenic anion secretion (bicarbo-
nate and/or chloride secretion) and as
well, these cc-adrenergic agonists in-
crease electroneutral sodium chloride
uptake. Stimulation of the regional
sympathetic fibres increases jejunal food
and sodium absorption.

In the cat, the sympathetic nervous
outflow to the gut controlling fluid trans-
port is reflexly regulated by input from
cardiovascular high and low pressure
receptors. In man, reducing the circu-
lating blood volume significantly in-
creases net absorption of fluid and
sodium chloride without affecting glu-
cose transport (93). This suggests that
the activity in the sympathetic nervous
system is initiated from unloading of the
cardiopulmonary volume receptors and

enhances intestinal absorption of fluid
and electrolytes, activating the compen-
satory mechanisms during hypovolemia
due to, for example, hemorrhage.

Prostaglandins, particularly those of
the E series, stimulate adenylate cyclase
activity in the intestine. The metabolic
precursor of the prostanoids, arachidonic
acid, also increases mucosal cyclic AMP.
Agents such as prostaglandins that in-
crease mucosal cyclic AMP evoke water
and electrolyte secretion. A number of
hormones desensitize as they stimulate,
thereby limiting tissue responses to them
and rendering tissues refractory to sub-
sequent additions of the hormone. The
nucleotide-independent pathways for
secretion may be calcium dependentand
may involve protein kinase C.

Protein kinase C stimulation has been
shown to have a crucial role in signal
transduction with breakdown of inosi-
tol phospholipids and release of diacyl-
glycerol. The diacylglycerol then in-
creases the affinity of protein kinase C
for calcium in the presence of acidic
phospholipids such as phosphatidyl ser-
ine. Phorbol esters directly stimulate
protein kinase. Protein kinase C activity
and phaorbol ester binding has been de-
monstrated in isolated intestinal epithelial
cells of the pig (94). The role of protein
kinase in human diseases requires fur-
ther study.

After the creation of an ileostomy, a
process of adaptation occurs whereby the
loss of water in the ileostomy effluent
becomes less than the 1.5 to 2 L/day
entering the colon in the intact subject;
volumes of the ileostomy effluent are
approximately 0.5 L/day in the first two
weeks after an established ileostomy. In
the adapted ileostomate, the low volume
and high potassium concentration of fast-
ing effluent suggests that sodium and
water absorption are continuously stim-
ulated by chronic salt depletion (95).

Diarrhea may occur following chole-
cystectomy and bile acid malabsorption
has been suspected of playing a role in
the pathogenesis of this disorder. How-
ever, a study in 25 post choleeystectomy
patients with persistent diarrhea dem-
onstrated that, in spite of the presence of
marked bile acid malabsorption, the
aqueous phase concentrations of the
dihydroxy bile acids (chenodeoxycholic
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and deoxycholic acids) did not usually
reach the secretory level of 1.5 mM. Fecal
bile acid composition showed a shift from
secondary to primary bile acids and the
relatively low aqueous concentrations of
the bile acids were the result of low sol-
ubility due to an acidic fecal pH. There
was an inconsistent therapeutic response
ocholestyramine. This indicates thatin
spite of the presence of increased 24 h
stool bile acids, the associated diarrhea
isnot necessarily bile acid induced (96).

Diarrhea may occur in patients with
familial amyloid neuropathy, possibly
due to altered gastrointestinal motility
due to an autonomic neuropathy. This,
in trn, leads to enteric bacterial over-
growth and subsequent diarrhea and ste-
atorrhea which can be temporarily alle-
viated by cotrimoxazale (97).

BLOOD FLOW
Evidence for counter current mecha-
‘nisms in the mammalian gastrointesti-
nal tract has been reviewed (98). Blood
flow through the human small intestine
“and colon has been assessed with laser
Doppler flowmetry (99,100). Serial mea-
surements of hydrogen clearance may
also be usc%! in characterizing the role
of mucosal blood flow in the pathogen-
Jesis of various forms of human disease.

Bile, pancreatic enzymes and undi-
gested food have no effect on intestinal
blood flow. Glucose, protein hydrosylates
“and micellar lipids increase blood flow
'in the intestine when placed in the
lumen. The means by which these nurri-
ents induce a change in vascular resis-
tance is not clear, although changes in
tissue metabolism and the release of his-
umine, vasoactive intestinal peptides,
prostaglandins (but not neurotensin)
may be involved (101).

Maintenance of intestinal oxygen
uptake despite reduction of regional per-
fusion pressure is necessary to maintain
intestinal viability and function. Mature
intestine demonstrates preservation of
“oxygen uptake during hypotension due
wareduction in intestinal vascular resis-
tance; this stabilizes intestinal blood flow
and maintains a convective flux of oxygen
1o the intestinal capillaries. In addition,
the diffusive flux of oxygen from capil-
lary to cell increases as perfusion pres-
sure is reduced, as evidenced by an
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increase in the arteriovenous oxygen con-
tent difference across the intestine.

In the neonatal piglet intestine, which
is exposed to reduce perfusion pressure,
tissue oxygen uptake is maintained by
regulation of the arteriovenous oxygen
content difference rather than by regu-
lation of blood flow (102). Stimulation
of active intestinal transport processes
(both absorptive and secretory) are asso-
ciated with an increase in oxygen uptake.
This increase in oxygen uptake is directly
related to the rate of transmucosal trans-
port and is met by an increase in blood
flow and/or oxygen extraction. Contrac-
tions of intestinal smooth muscle may
also increase intestinal oxygen uptake
and may contribute to the overall oxy-
gen demands of the intestine under con-
ditions of fasting and feeding (103). One
of the earliest manifestations of the
mucosal damage produced by ischemia-
reperfusion is enhanced capillary per-
meability. This results in tissue edema
and movement of fluid into the intesti-
nal lumen.

Reactive oxygen metabolites such as
superoxide, hydrogen peroxide and
hydroxyl free radicals mediate the capil-
lary permeability changes observed in
post ischemic mucosal injury. Mucosal
protection can be achieved by treatment
with the antioxidant enzyme superox-
ide dismutase or inhibitors of xanthine
oxidase. Ischemia and reperfusion may
result in xanthine oxidase generated,
superoxide dependent accumulation of
inflammatory neutrophils in the mucosa
where neutrophil derived reactive oxy-
gen metabolites mediate and/or exacer-
bate intestinal injury (104). Xanthineoxi-
dase is a major source of oxygen free
radicals produced during reperfusion of
the ischemic small bowel (105). Such
therapy is aimed at maintaining cell func-
tion by: improving regional blood flow
with agents such as vasodilators, posi-
tive inotropic agents, membrane stabi-
lizing agents: by providing energy directly
to cells by infusion of the high energy
phosphate compound ATP; or by admin-
istering substrates or compounds thatcan
be utilized within cells under adverse cir-
culatory conditions. This latter approach
includes the use of hypotonic glucose in
combination with insulin and potassium,
which may be useful to reduce the dam-

Small bowel review (part 2)

aging effects of ischemia reperfusion on
canine small intestine ( 106).

DRUGS

Cisapride is a prokinetic agent which
tacilitates the release of acetylcholine
from myenteric nerves, Cisapride there-
by enhances spontaneous and electrically
increased contractions of intestinal
smooth muscle and accelerates the pas-
sage of food down the esophagus and
out of the stomach. Cisapride induces a
continuous phase ll-like motor pattern;
enhances propulsive activity; induces a
prolonged and highly propagative phase
l-like jejunal motor activity in fasting
humans; and accelerares small bowel
transit (107).

Trimebutine is a new therapeutic agent
which is used for treatment of irritable
bowel syndrome and postoperative ileus.
Trimebutine induces a pattern of intes-
tinal motor activity similar to phase I11
of the digestive motor complex and the
motor action of this agent in the small
intestine may involve peripheral opiate
receptors. Trimebutine induced phase
[lls are accompanied by sharp rises in
plasma concentrations of motilin and by
simultaneous but opposite effects on gas-
trin and insulin. [t has been suggested
that trimebutine influences the genera-
tion of activity fronts by altering the equi-
librium between stimulatory and inhib-
itory forces in such a manner that in the
post prandial period, the stimulatory
mechanism becomes predominant (108).

The potent inhibition of small intesti-
nal motility by oc-adrenoceptor agonists
such as clonidine may partially explain
their beneticial action in the morphine
withdrawal state, as well as in the treat-
ment of some causes of diarrhea (109),
The bile salt evoked fluid secretion in
the small intestine may resule through
activation of the enteric nervous system
(110).

Vineristine is an effective chemother-
apeutic agent widely used in the treat-
ment of various neoplastic disorders.
Gastrointestinal symptoms are common
and the associated abdominal pain and
constipation may be due to histologic
damage to the myenteric plexus, as well
as alterations of myoelectric activity and
associated changes in intestinal transit
(T
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CORRECTION

Peutz-Jeghers syndrome without polyposis. Anthony G. Catto-Smith, Mark K. Patrick,
D. Grant Gall

Figure 1) Barium conmrast study of the upper gastromestinal tract and small intestine showing no

evid

ence of polyposis

This figure (Can ] Gastroenterol 1988;2(3): 118) was unfortunately published inverted. The
error is regretted
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