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'TRODUCTION

This thesis deals with two therapeutic modalities for patents with an Irreversible short
bowel syrdrome: improvement of adaptation and small-bowel mansplantation. Thereby,
emphasis is put on the role of these therapeutic modalities for children.

The irreversible short bowel syndrome may arise if, after massive small-bowe] resection,
the remaining intestine s not able to adapt sufficiently to the loss of bowel. The process
of functional intestinal adaptation after small-bowel resection is a complex process which
is poorly understood and therefore it is difficult to manipulate the outcome of the
adaptation phase. The importance of oral intake as a positive stimulus to the adaptive
stage of the remaining bowel has been recognized. Predigested food became the standard
treatment of choice when starting oral refeeding but it is still disputed whether this is
more effective than non-predigested food in stimmlating adaptation, and thus further
research is mandatory.

Although long-term total. parenteral nutrition provided the first satisfactory treatment for
the short bowel syndrome, its complications including metzbolic, infectious, and
psychologic aspects, form the main reason to envision this therapy as a temporary
solution.

Recently, small-bowel transplaptation in man has become feasible and therefore children
with irreversible intestinal failure would also be suitable candidates for a small-bowel
graft. However, before a clinical small-bowe]l transplantation program in children is
justified, it must be demonstrated that a small-bowel transplamt can give adequaie
nutritional support to 2 growing individual with the short bowel syndrome.

This thesis evaluates a method to monitor the process of functional intestinal adaptation ir
rats subjected to near toial small-bowel resection and unravels the role of diet
composition and/or complexity orn adaptation.

Furthermore, it outlines the role of total and segmental orthotopic small-bowel
transplantation. in the treamment of short bowel syndrome in emierectomized young dogs.
and presenis experiments on the follow-up of a small-bowel graft including monitoring of
rejection and the histologic, bacteriologic, and functional status of a graft in both rats
and dogs.
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INTRODUCTION

A wvariety of pathophysiologic circumstances in childhood necessitate extensive small-
bowel resection (1-4). Developmenta! abnormalities of the small bowel include intestinal
atresia, gastroschisis, malrotation and volvulus. Major causes in the posmatal period are
necrotizing enterocolitis, midget volvulus and inflammatory bowel disease.

The clinical course after extensive small-bowel resection can be subdivided inmto three
main stages (5). Directly after resection, severe diarrhea, steatorrhoea, malabsorption and
fluid and wejght loss is seen. During this stage, total parenteral nutrition is indispensable
to provide sufficient calories. In the second stage, after a few months to over one vear,
the remzinmg intestine gradually adapts to the loss of bowel and oral intake is gradually
increased untl intravenous alimentation can be stopped. Unfortonately, some of these
patients never reach this third stage, and develop the short bowel syndrome (6).

The short bowel syndrome is characterized by irreversible small-intestinal failure, which
is defined as inability to maintain muotritional status and/or positive fluid and electrolyte
balance without special measures.

1 TOTAL ADAPTATION AFTER MASSIVE SMALL-BOWEL RESECTION
OR NOT ?

The likelibood of developing the short bowel syndrome depends on several established
factors, inclhuding the length and apatomic identity of the enteric remnant and the presence
of residual disease (7,8). The time it takes to reach a state of maximal adaptation in the
remaining small bowel is influenced by both non-nuuritive and mutritive stimuli.

In genmeral, following small-bowel resection, there is an increase in both epithelial cell
proliferation rate In the crypts and migration rate of the cells onto the villi, resulting in
enlarged villi and deeper crypts (9). The villus hyperplasia is characterized by an increase
in mucosal cell mass and in DNA, RNA and prowin content. It has been reported that
following jejunal resection, from a functional point of view, in ileum more effecdve
adaptation takes place than in the reverse simation (10).

Non-puiritional factors, of importance in stimulating intestinal adaptation, are endogenous
secretions, hormones, and nevurovascular components {(summarized in Table 1). There was
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speculative, indirect evidence on the strong enterotropic capacity of enteroglucagon. In
contrast to this, Gregor and associates (14) showed that immunoneutralization of
circujating endogenous enteroglucagon had no effect on the adaptive response. The results
concerning the role of gastrin and cholecystokinin are controversial and these hormones
are not considered as key determinants of the adaptive respounse so far. In addition, the
role of epidermal growth factor, imsuliz, vasoactive imtestinal polypeptide, bombesin,
corticosteroids, and pancreatic peptide remains to be elucidated. So there are still many
candidates for the role of "emterotrophin-like hormone”. Most probably the hormones
involved will function in concert with the neurovascuiar effects responsible for refinement
of the major adaptive changes. These non-mrritional factors however, are mostdy under
influence of huminal nutrition themselves. Therefore, the role of nuirients in intestinal
adaptation, being major regulating factors, is discussed in detail below.

1.1  The role of nutrients in intestinal adaptation

The effect of mutrition on intestinal adaptation foliowing resection has been widely
recognized. By now, experimental approaches have been devoted to the relative
contribution of three nutritional aspects: the presence of food in the gut lumen, the
complexity of the diet, and the role of a specific nutritional component.

Presence of enteral nutrition

The importance of oral food imtake in maintaining both gut swucture and function is
beyond dispute. Dietary manipvlation such as hyperphagia imcreases the intestinal
epithelial cell renewal and leads to an imcrease in small-bowel mass (24). In contrast,
hypoplasia is found after fasting or protein depletion (25).

More than 25 years ago, with the advent of total parenteral nutriticn, the importance of
lumipal outrition in intestinal adaptation became a field of interest (26). The presence of
luminal nutrients is considered as a pretequisite in achieving adaptive postresectional
hyperplasia. In growing rats, subjected fo small-bowel resection and receiving total
parenteral putrition for § days, a fower mucosal mass, providing lower absorpiive
capacity per centimeter of imtestine, was found compared to rats receiving Iuminal
mtrition (27)- In contrast, increased specific transport activity of zlanine was found in
parenterally nourished rats. Ford et al (28) demonstrated in young rats that total
parenteral putrition inhibits adaptive hyperplasia following resection and even caused a
decrease in ileal crypt depth and jejumal ag well as ileal DNA and RNA contents
compared to unoperated rats after 10 days of total parenteral nutrition. However, ileal
sucrase activity was significantly elevated compared to nonoperative values at that time.
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Table 1 Non-nutritive factors affecting intestinal adaptation following
smatl-bowel resection
Factor Model Time Response References
Endogenous
secretions
Bile and pancreas * 50% jejunal resection | * 4 * intensifies ileal 11
secretions + transplantation of weeks | hyperplasia
duodenal papilla
Gastric secretion * 40% ileal resection * 6-8 * increased gastric 12
weeks | secretion precedes
intestinal hyperplasia
Hormones
PGE2 t * 70% jejunoileal * 12 * jzhibition of 13
Tesection + aspirin days mucosal weight, DNA,
administration 20 protein zand maltase
me/ke/8 hr levels in distal ileam
Enteroglucagon + * 70% jejunal resection | * Zm * pormal hyperplasia 14
+ W
imnmnonevtralisation of
EG
Growth stimnlating * 50% jejunal resection | * 4 days | * associated with 15
activity t proliferation of inrestinal
epithelial cells
Testosterone * 50% jejunoileal *4 * eghanced weight gain, | 16
resection + 0.35 weeks | increased hyperplasia
me/ke/wk testosterone
Growth hormone *70% jejonoileal *2 * mucosal weight, DNA, | 17
resection + PGF weeks | protein and sucrase
treatment activity increased
Somatostatin * 30% proximal jejuno- | * 96 * inhibits post 18
fleal resection + hours | resectional hyperplasia
continuous Infusion
somatostatin 1667
ne/ke/min
Neurovascular effects
Nongut hormones 19
Bleod flow * 50% midbowel * 2 days | * increased ileal bicod 26
resection and 2 flow preceding
months | hypertrophy
1,2, 3 | * hyperplastic response
* 80% midbowel and 5 | not directly caused by 21
resection days hemodynamic changes
Adrenergic * 50% midenterectomy | * 2 days | * 50% reduction 22
denervation and 2 endogenous
months | catecholamine activity
and corresponding
decrease in density of
adrenergic terunals
Mesenchymal * I vitro culturing of * not * mesenchyme required 23
regulations small intestine reponed | for maintaining mucosal

architecture
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Thus, although total parenteral nutrition leads to a state of morphologic atrophy, the
specific transport activity of a compoment may increase during paremteral feeding,
indicating that adaptation of transport function at the cellular Jevel may be independent of
ora} feeding. Resumption of oral diet reverses the decrease in villus height, crypt depth,
and mucosal DNA and RNA contents, and even results in augmented final body weight
and intestinal length after 4 weeks, compared to rats fed rat chow from the start. These
findings support previous work by Wilmore et al (29), who found that both long-term
somatic growth and intestinal growth are improved after providing essential nutrients i.v.
for 30 days compared to emteral feeding from the start, following massive intestinal
resection in growing dogs.

The complexity of the diet

The belief that small-bowel hyperplasia occurs only if luminal mutrition is provided led to
early introduction of enteral alimertation during the intestinal adaptation process following
resection {38). The short bowel syndrome is a2 possible indication for using an elemental,
predigested diet also known as "space diet” or chemically defined diet. The reasoning
behind this suggestion is that an elemental diet requires less digestion and is absorbed
over shorter lengths of bowel (31). Until now, only some uncontrofled clinical trials have
been reported from which it is unclear whether an elemental diet has any effect different
from that of whole food (32,33,34). On the top of that, there is no animal study showing
benefit of an elemental diet used in this manner. Several investigators (35,36) have
demonstrated that after small-bowel resection, beth in adult and growing rats, adaptive
changes take place with clemental diet, but less well than with normal rat chow. The
validity of their conclusion that a complex diet is superior over an elernental diet may be
questioned because the relative composition of the diets also differed.

The composition of the diet

Various studies show that the composition of the diet also influences intestinai adaptation
i the rat (37-47). Investigators bave studied the effects of bulk and/or fiber, lipid,
carbohyydrate, and amino acid supplemented diets in supporting the imtestinal adaptation
process in comparison with non-supplernented diets.

The addition of non-soluble fiber, which contributes to fecal bulk, had no influence on
both small-intestinal morphology and cell renewal in the rat (48). In contrast, elemental
diet supplementation with soluble non-cellulosic dietary fiber, which is completely
fermented by colomic bacteria and does not contribute to fecal bulk, enhanced intestinal
adaptation in both small bowel and colon, as was confirmed by significantly increased
mucosal growth and improved maintenance of body weight (39). It has been shown that
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Intraluminal infusion of short chain fatty acids (SCFAs), the components mainly produced
by fermentadon of soluble fiber, stimulates colonic mucosal proliferation (49) and
increases intestinal blood flow, which may facilitate small and large intestinal adaptation
(50). In a recent rat study on short bowel syndrome in rats, the effect of an elemental diet
supplemented with short chain triglycerides (SCTs), reduced to SCFAs by fermentation,
was compared to medurn chain triglycerides (MCTs) or non-supplementation. The resuls
showed enhancement of colonic and jejunal adaptation, revealed by increased segmental
weight and mucosal protein in the SCT group compared to the other diet groups (40).

For the treamment of the short bowel syndrome the use of MCTs as part of a restricted
fat, high-carbohydrate diet was recommended (51). Various clinical smdies were unable
to confirm the advantages of replacing long chain triglycerides (LCTs) by MCTs or
carbohydrates (52). In a rat study, the effect of an elemental diet containing 83% of the
far in the form of MCTs was comparad with a diet comaining 40% of the fat in the form
of MCTs (45). The remaining fat in both diets comsisied of LCTs. This swmdy
demonstrated greater morphologic mucosal adaptation, ibcreased sucrase activity and
leucine uptake, and improved weight gain after feeding the high-percentage LCT diet, in
spite of more easy absorbance of MCTs. In addition, Grey et al. undertook a study of the
relative efficacy of intragastrical supplementation of free fatty acids (FAs) or LCTs in
parenteraily nourished rats with a 50% small-bowel resection (37). They found that FAs
were more effective in promoting adaptation by measuring DNA and protein contents in
different small-bowel segments. Moreover, DNA and protein comtents of the FA group
equalled the values found in the orally fed amimals. Hart et al (53) investigated the effect
of essential farty acids (EFA) on intestinal adaptation afier small-bowel resection in the
rat. Feeding the EFA-poor diet resulted in significantly lowered hyperplastic response in
comparison with feeding the control diet. Reversal to the control diet for two weeks
increased the mucosal adaptation process significantly. Morin et a (54) showed that LCTs
given imragastrically epbance imtestinal adaptation more than protein, polysaccharide or
MCT. Inrraluminal infusion of amino acids and dextrose in paremterally nourished rats
showed that amino acids are more effective than dextrose in maintzining the smali-bowel
mass {46). Vanderhoof investigaied the relative trophic effect of glutamine, glycine or
ghicose in rats subjected to 70% proximal jejuno-ileal resection (44). The differemt
components were supplemented (5% of total amount of calories) to enterally given
powderad rat chow. This study learned that large amounts of glutamine may produce
negative effects on the adaptation, possibly mediated by excess of ammonia production.
Other studies showed that glutamine-enriched diets prevent intestinal atrophy and thus
optimal dosing of this enteral fuel is of ukmost importance. Together, all these
observations show the relative hoportance of fat in promoting intestinal adaptation and
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indicate that more research is mecessary to find the optimal combination of diet
supplementation with substances like glutamine.

1.2  The interrelationship between histologic changes and function

In the literature, there are indications that there is a separation between the regulation of
morphologic and functional mucosal growth. Urban et al (55) examined the transport of
sodium, chloride, water and galactose im relation to mucosal growth, both 2 and 4 weeks
after 70% small-bowel resection in rats. This study showed that maximal morphologic
growth occurs 2 weeks after 70% small-bowel resection and precedes functomal
adaptation, which was demopstrated by upaltered transport capacities per amount
intestpe. In zdditon, functionzl adaptive mechanisms may be localized o specific regions
of the remaining intestine as indicated by specific increases of electrolyte and water
transport in the duodenun and of galactose transport in the ileum 4 weeks after resection.
Bury et al (56) evaluated carbohydrate absorption 2, 6 and 12 weeks after an 80%
resection In rats. A progressive rise, lagging behind the morphologic changes, was first
seen by 6 weeks in both jejmoal and ileal reminants.

1.3  Mechanisms responsible for intestinal adaptation

Unravelling the identity of both mutritive and non-mutritive signals capable of inducing
adaptive changes of the intestine has been subject of descriptive studies. Recently,
attention has ummed to the mechanisms responsible for the adaptive morphologic and
functional changes occurring In response 10 a signal. Mechanistically, changes may occur
at the pretransiational, translational and posttransiational level. These changes may result
in alterations in mucosal growth as well as in biochemical and biophysical properties.

Polyamines are essential substances for vital processes of cejl proliferation, as phase-
specific rises in polyamine amount are a prequisite when entering the GI phase, at the
time of initation of DNA symthesis and prior to cell division. Although the cellular
mechapisms controlling intestipal adaptation are poorly understood, it has been
hypothesized that intestinal polyamine levels, regulated by key enzymes conirolling their
syothesis (omnithine decarboxylase; ODC) and degradation {diamine oxidase; DAO) play a
major regulating role in intestinal mucosal growth. These key enzymes, in turn, may be
up- and down regulated (in)directly by trophic factors like the nutritive and non-nutritve
factors.
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A recent rat study of Rounrree et al (57} analyzed the proglucagon and ODC messenger
RNAs after 80% jejunoileal resection before and after refeeding. In fleum both mRNAs
increased before refeeding within 2 bours after resection, indicating nutrient-independent
components of the adaptive bowel respomse. The ODC mRNA remained elevated for 24
houss after resection. This was in contrast to the elevation in proglucagon mRNA, which
was sustained for up to 8 days. Taylor et al (58) observed 2 rapid imerease in ghicagon
mRNA levels, reaching maximal levels 2 days after small-bowel resection in rats. In
animals fasted after the resection, elevation of ghucagon mRNA, but not of ODC mRNA,,
was significantly lower compared to fed animals 48 hours after the resectiop. Compared
to glucagon, 2 similar less abundant pattern of changes has alse been recognized for the
expression of the Cholecystokinine (CCK) gene. In jejunum, however, no changes in
either glicagon or CCK mRNA levels are found after resection, while morphologic
changes are seen.

Rokkas et ai (59) found that inhibition of DAO, by a2dministering amiroguanidine
subcutaneously (25 mg/keg/day), enhanced the adaptive intestinal mwucosal growth after
80% proximal small-bowel resecton. Blocking ODC, using diflucromethylornithine,
markedly inhibited the adaptive hyperplasia normally found 4 days after 50% proximal
smzli-bowel resection in the rat (60).

All these observations underline the Rypothesis that a cascade of events, Initiared by both
mgritive and non-rrutritive factors, result in increased polyamine symthesis which in turn
upregulates DNA, RNA and protein synthesis, crypt cell proliferation and finally leads to
villus kyperplasia (61).

1.4 Concluding remarks

This overview demonstrates that non-nutritive as well as puritive fzctors are involved in
stinnrlating the adaptation process of the remaining intestingl remnant following small-
bowel resection. The importance of oral food intake is vnderlined and the indistincimess of
the role of food complexity is expressed. Moreover, the importance of diet composition is
pointed out.

By now, little information is available on the precise functioning of the complicated
regulatory network operative In intestinal adaptation found after small-bowel resection.
Although it is generally accepted that the factors discussed affect the adaptation of the
residual small bowel, the mechanistic basis has until recentdly received relatively little
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atteption. Presently, we begin to unravel the cellular events that regulate the adaptive cell
growth, recognizing the conducting role of the polyamioes. It is realized that suppression
of DAO may be helpful in stimulating hyperplasia after major resections. The precise
patterns, and signals responsible for region-related functional alterations in intestinal
putrient uptake in response 10 bowel resection have yet 1o be established.

At this stage, it is impossible to answer questions like which diet is optimal, or whether
the adaptation response can be maximized. Future studies in tramsgenic animals that
overexpress or underexpress a specific factor will provide direct information about the
effect on the adaptive response. In addition, it has to be realized that following intestinal
resection not onfy adaptive changes occur at the level of the small intestine but that in fact
the total organism tries to find a pew homeostatic balance.

2 IRREVERSIBLE INTESTINAL FAILURE

If uitimately the remoaining small intestine does not sufficiently adapt irreversible intestinal
failure will develop leaving the patient totally dependent on total parenteral murition.

2.1  Limitations of total parenteral nutrition

Patients on home total parenteral nutrition are limited in their lifestyle and, more
importandy, they have a considerable risk of serionus complications such as sepsis,
thrombosis, Liver impairment and metabolic disorders (69,70). Especially in children the
long-term outlook is less favorable (14-31% mortality rate) because compared to adults
they have a higher risk of liver impairment, bave limited adequate venmous access, and
need more specific nutrition 1o grow and develop normally (71).

Considermg these long-term complications of total parenteral nutrition it will be clear that
this form of therapy, albeit very effective apnd life-saving, should only be empioyed as a
temporary solution. Therefore, research is undertaken to find other ways of treating
irreversible intestinal fajlure (72,73). One such option is small-bowel transplantation.
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2.2 Incidence im the Netherlands

In the Netherlands, contrary to the United Kingdom (67) and the United States (68), there
is no Home Parenteral Nutrition registry in which all patients receiving home parenteral
mtrition are listed. Therefore, the incidence of irreversible intestinal failure in the
Netherlands can only be estimated. Extrapolating the oumber of patients recorded in the
university hespital Rotterdam (Sophia Children’s Hospital for children and Hospital
Dijlzigt for adults), being about 3 patients/year, the estimated incidence of rreversible
imtestinal failure in the Netherlands is 2-3 cases per million of the population per year,
leading to 2 total of 30-45 patients per year.

3 EXPERIMENTAL BASIS FOR SMALL-BOWEL TRANSPLANTATION

Although experimental small-bowel transplantation has already been introduced by
Lillebei et al in 1959 (74), convincing evidence that the small bowel can be transplanted
in humans has not been obtained until recendy. After initial unsuccessful attempts with
"classic” immunosuppression like azathioprine and methylprednisolone some thirty years
ago (reviewed by Kirkman 75), interest in small-bowel trausplantation dwindled. For
years, major obstacles imcluding technical complications, rejection, graft-versus-host
disease and sepsis have hindered clinical examples of a2 functioning small-bowel grafi.
The iotroduction of cyclosporine A (CsA), which appeared capable of preventing rejection
of small-bowel grafts in several animal studies, provided a ratiopale for further
experimentation to determine the feasibility of clinical smail-bowel ransplantation.

The experimental basis for clinical trials of small-bowel trapsplamtation includes the
search for an optimal method 2nd teols to monitor rejection and functonal status of the
graft. Table 2 illustrates the results obtained so far of experimental research for providing
a valuable clinical model.

3.1 Towards an optimal method

Experimental research in small-bowe]l transplantation was carried out in mamy ways
including a variety of experimental models, modelities of immuposuppression, and
methods to alter the immunogenicity of the graft.



14 Chapter 1
Table 2 Comparison of methodologic factors:
summary of experimental research in sueali-bowel transplantation
Omicome (n terms of) Expermnental model A | Experimental model B References
Orthotopic SBT Heterotopic SBT 76,77,78
Operative time - +
Coroplications - +
Graft removal - +
Mucosal atrophy + -
Graft permesbility + -
Portoportal drainage Portocaval drainage 79,80,81

Physiologic route + -
Metabolic complications -+ -
Technical complications -
Immunelogically advantageous +7? -

Esolated SBT Combimed SBLT $2,83
Technical complications + -
Rejection meidence - +7

CsA FX 506 8
Therapeutic window + -
Toxicity “+ -
Long-term survival - +
Quality of life - +
Effects on growth + -
Synergistic capacity + -
Chronic rejection - +
MHC matched Noo-MHC matched 85,86

Long-term survival + -
Graft-versus-host disease 7 ?

Jejumal graft TEeal graft 87,88
Nutritiopal function - +
Immune funciion + -
Adaptive capacity - -+

Abbreviations used: small-bowel wansplantation; SBT, smafl-bowel-liver ransplantation; SBLT

<+ = a more positive ouicome (e.g shorter operative tie, less complications) in comparison with -
- = 3 less positive ouicome (e.g longer operative time, more complications) in comparison with +
+7? = not conclusively documented

Position of the graft

Table 2 demonstrates that at first stage a heterotopic tramsplant is preferable. In this
manner less complications will arise and it is possibie to remove the graft with less severe
morbidity and mortality in case of rejection (76,77,78). It has been reported that a
heterotopically placed graft may induce increase in permeability and subsequent bacterial
transiocation although luminzl outrition is expected to minimize this. Later omn, these
experimental studies were combined in the so-called two-stage operative techmique. The
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first stage is the heterotopic smal-bowel transplantation, in which the graft is transplanted
alongside the recipient’s own bowel. With respect to the ends of the intestinal graft there
are several possibilities: 1) they both are sutured to the abdominal wall as an enterostoma;
2) the oral end is either ligated, or exteriorized with the aboral end apastomosed to the
recipient’s distal bowel; 3) the oral end is anastomosed end-to-end to the recipiemt’s
proximal bowel with the distal end either ligated or exteriorized. The recipient’s own
bowel is removed and the graft is interposed several weeks after heterotopic smzll-bowel
transplantation.

Drainage of the graft

The graft’s superior mesenteric vein can be anastomosed either to the portal vein (portal
drainage) or to the inferior vema cava or iliac vein (systemic drainage). It has been
reported that both techniques can be used, as only minor metabolic complications occur
following systemic drainage (79,80,81). However, portal drainage, being the more
physiologic route, is preferred.

Immunologic aspects

Several smdies have demonstrated an immunologic advantage of combined small-bowel-
liver trapsplantation over smali-bowel transplantation alone (82,83). However, this topic
deserves further study because not all patients on total parenteral putrition have severe
liver damage, and replacing a normal functioning liver by an allograft seems not the most
ideal treatment.

In Paris, at the Intermational Symposium on Organ Transplantation inm 1992, Starzi
compared FK 506 with CsA and concluded that both drugs should be used, as each has its
own advantages and drawbacks (84). Major histocompatibility complex (MHC)-matching
benefits the long-term graft swrvival in dogs and it may reduce the occurrence of graft-
versus-host disease as this is most commonly caused by MEC antigen differences (85,86).

Composition of the graft

The use of 2 segmental graft seems feasible and it possesses sufficient adaptive absorptive
capacity to give adequate pumitional support. Because of the specialized functional
capacities of the ileum, for absorbing bile acids and vitamin B12, the ileum is preferable
10 a jejunal graft. Theoretically, an ileal graft, containing 2 greater amount of iymphoid
tissue, is more immunogenic than a jejunal graft. Notwithstanding the potential risk of
Tejection, it seems prudent to use an ileal graft or, if the abdominal cavity has po spatial
constraints, a jejunoileal graft in combination with potent immuposuppressive drugs
(87,88).

In summary, from e methodologic point of view the experimental data suggest that a
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MHC-matched jejunoileal graft, transplanted using the two-stage technigue with
portoportal drainage is the optimal starting poini. The necessity of transplanting a liver as
well is questionable, and the use of either Cs4 or FK 506 can be recommended.

Preservation

In the field of intestinal preservation, piomeering work was already started in 1959 by
Lillehei et al (74), and although several factors were extensively stadied, the results of
small-intestinal preservation remained poor umtil recently. Research included the effect of
several vascular perfusates, preservation temperamures, cryopreservation and flushing
pressures (89,90,91). These smdjes learned that shori-term preservation (up to 6 hours)
can be obtained with various methods and solutions. It is felt at present thar University of
Wisconsin solution is best to preserve the bowel. Attention is now given to the role of
free radical scavengers (92) and membrane stabilizers (93) to prolong the viability of the
intestine.

Strategies 1o overcome postoperative problems

Frequent problems foliowing surall-bowel transplantation include rejection, infection, and
graft-versus-host disease. Acuie rejection, characterized both clinically and histologically,
can be suppressed by using efficient immunosuppressive agents, by decreasing graft
antigenicity, and preconditioning of the recipient (94,95).

The use of cumrendy available non-specific immunosuppression has, however, specific
side-effects. It was shown in 2 rat model that CsA treatment may be the critical factor
that predisposes to sepsis following smali-bowel transplantation (96). It is likely that
bacterial transiocation is an active process. This was investigated by comparing particles,
from which it is known that they translocate passively, with bacterial translocation. It was
then found that such particles do not translocaie as bacteria do (97). In addition, Grant et
al (98) showed that breakdown of the gut barrier during an episode of rejection is
associated with bacterial trapslocation, possibly being the etiologic agemt of infecticus
complications. Some investigations on the process of chromic rejection, becoming a
predominzant cause of graft loss in the lopg rum, have been started recemtly (99). Graft-
versus-host disease is the climical manifestation of the immunologic reaction of graft T-
iymphocytes agaimst host antigens following sSmall-bowel transplantation. This
phenomenon has been weli described in rat stodies (100), and it is thought that a balance
exists between rejection and graft-versus-host disease in such a way that prevention of
grafi-versus-host disease accelerates graft rejection (101). This implies that the occurrence
of graft-versus-host disease should be manipulated, by means of donor pretreamment (102),
toprevent the clinical symptoms and simmultaneously maintaining the Inpranosupprassive capacities.
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3.2 Monitering for rejection and function

In Tzble 3, the tools for monitoring the rejection and/or functicn of the graft are

summarized.

Table 3 Studied tools to monitor rejection’ and/or function®
Tool Disadvantages Advantages References
Biopsy based
Histology™ * parchy character * relizble 103,104,105
* perforation 1isk
* presence SIOMm2
Intracpithelial lymphocytes! * sensitive 166
* increased during
rejection
Immunohistology* * presence stoma * increased sensitivity 147,108
* perforation risk compared to histology
Brush border enzyme * does not precede * mdicates carbohydrate 109,110
activity™® histology absorplive capacity
* presence stoma
Absorption. based
Transepithelizl potential * presence stoma * non-imvasive 111,112,113
differences™ * parallels histology 114
* reflects graft function
Maltose absorption * oral administration * CONtYOVETSy On its 115,116
test solution reliability
* bloodsampling
D-Xylose absorption™? * orel administration of 117
test solution
* blood sampling
* sepsitive to ipfection
Lactulose-Mannitol * oral admingstration * Insensitive to infaction Chapter 7
absorption! * detection in wrinary
sammple
“C.labeled Glucose * non-specific * parallels histology 118
absorption™
Cyclosporine absorption’? * ot useful under FK 506 118
* bloodsampling
* far soluble
* pnreliable
Fecal fat absorption® * inexpensive 119
* stool assay
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Table 3 continved
Tool Disadvantages Advantages References 1
alpha 1 - antimypsine! * stool assay 119
* jnexpensive
* sensitive
Permegbility based
Polyethylene glycol * oral administration * detection in urine 120
leakage? test solution
* nop-specific
fACT-EDTA leakage! * oral adroinistrafion * detection in urine 121
Test solution * increasing during
* expensive rejection
* sensilive
Eyaluron leakage * Juminal fluid samepling 122
* nog-specific
Peripkeral blood based. * ipexpensive
Monocyie procoagulant * not conclusively 123
activigy? reported
N-Acetylhexosaminidase® * does not precede * non-specific 124,125
histology
11 2nd IL2 levels' * do not increase 126
NO,-/NOy- levels * specificity questionable * increased during 127
rejection
Cytoimmunology* * probably sensitive, 128
relizble

This Table shows that histology is reliable for monitoring the rejection process and that
its sensitivity can be improved using immunobistocheprical staining. Considering the
disadvantages of histology including the need of taking full thickness biopsies and the
pawchy character of the rejection process, functional tests have been examined for their
use in recognizing rejection. With respect to the use of an absorption method, a test based
or different absorptive substances is preferable in that it gives an increased specificity.
These methods are unlikely to be useful in acute rejection because the patient has not
returned to enteral feeding im that space of time. But an absorptive method may have
some value in the search for chromic rejection. A permeability-based method, not useful
for functional monitoring of the graft, seems to be reproducible and reliable because the
permeability is increased during rejection. However, it is non-specific at the same time,
also being altered during some infections. A reliable serum marker as early detector of
rejection has mot been found yet, zlthough many substences including monocyte
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procoagulant activity, N-Acerythexosaminidase, cytokine, and NC,-/NQ,-levels have been
advocated.

Margreiter suggested that monitoring of neoptrin in serum is possibly less masked by
infection than NO,~/NQ,- levels. Recent work suggests that the use of cytolmmunologic
monitoring of the peripheral blood is valuable for monitoring rejection and thus deserves
further study.

It is important to realize that it is uncertain whether the sensitivity and/or specificity of
the studied parameters are preserved in human small-bowel trensplantation. Therefore, at
this stage, the comnbined use of all available tools is probably the best to establish
rejection with the highest sensitivity and specificity. It is pot easy to distinguish between
graft-versus-host disease and rejection on the basis of clinical signs, as their symptoms are
often the same and both may be present at the same time or in each other’s absence (87).
A relatively non-invasive test for diagrosing graft-versus-host disease is still lacking. In
late graft-versus-host disease, 2 skin biopsy that demonstrates lymphocytic infiltration at
the dermal-epidermal junction together with basal-cell degeneration is helpful in making
the distinction with rejection possible. In contrast, no histologic confirmation of graft-
verses-host disease is possible in case of humeral graft-versus-host disease (with anti-host
hemolytic anaemia).

Studies on graft functon have addressed immunologic, mutritional, motor and hommonal
aspects (129). The immupologic status of transplanted intestine has not been well defined
yet. Normally, the smzll bowel has a significant role in the host immune defense. One
component of this important function is the production of secretory IgA (sigA), the
predominant local antibody. Normal levels of total sigA bave been found following small-
bowel wansplantation, but allografts fail to respond to a new antigen with production of a
specific sIgA (136).

However, priming of the recipient abrogates the nhibitory effect of CsA on specific sigaA
production (131). T lymphocytes are thought to carry out important effector fumctions in
the intestinal immune system and it is known that even in the absence of rejection donor-
lymaphocytes are replaced by recipient-lymphocytes, which implies that mucosal immmune
function may be mediated by host-derived cells (132).

Monitoring weight gives 2 sensitive indication of the functional compeience of the graft
following small-bowel transplantation and in addition z battery of absorption-based
fupction tests is available (Table 3). Long-term studies in adult animals showed that the
overall nutritional status can be maintained satisfactorily, although late effects om both
fecal fat absorption and D-xylose absorption were noted (129,133). More studies are
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needed, both in auto- and allotransplantation models, to determine the precise long-term
consequences of small-bowel trausplantation and how compromised functions can be
restored. Grant et al {(134) demonstrated in growing pigs that transplantation of the entire
small bowel enabled normal welght gawn. In contrast, Kimura demonstrated that
transplanting a segmental jejunal allograft showed reduced weight gain (129,135). Grant
et al, however, did not create short gut controls and Kimura did not include a normal
healthy control group, which makes it mpossible to conclude that 2 segments] graft is
less able to increase weight. Thus. so far, it has still not been established whether a
segmental graft provides sufficient functional capacity to maintain a normal growth
pattern and maritional status.

The imerdigestive motility activity of the small bowel (termed the migrating motor
complex; MMC) is a well-defined, spontaneous and recurring cyclic pattern. Sarr et al
(136) demonsirated in 2 camine jejunoilesl autotransplaniation model that the characteristic
MMC was present in both the innervated ducdenum and the transected jejunoileum, but
that coordipation between these regions was lacking. The physiologic function of the
MMC is 10 clear the small bowel of non-indigestible intraluminal debris and lacking of
MMC coordination throughout the gastrointestinal tract, due to permanent exirinsic
depervation, is thought to be responsible for evemtual bacterial overgrowth (137).
Moreover, extrinsic denervation may result in the loss of inhibitory and/or excitatory
nevral fibers present in the gut and having an extripsic origin. Nelson et ai (138) reported
alterations In tissue neuropeptide concentrations that may indicate lomg-term chapges of
denervated transplanted bowel.

4 CLINICAL EXPERIENCE WITH SMALL-BOWEL TRANSPLANTATION

The reported small-bowel transplantations in pediatric recipients have been carried out in
Paris and Pittsburgh between 1987 and 1952 (see Table 4). In all cases cadaveric donors
of similar or smaller size were used.

4.1  Paris; transplantation under cyclosporin-based immunosuppression

Recipients
The Ethical Committee of the French Hopital Nécker Enfants Malades authorized the start
of a clinical small-bowel] transplanfation program in 1987. The consent was partly based
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Table 4 Clinical characteristics of transplanted pediatric patients
Patient Age () Etiology Remaining Anatomy | Deration Bome
total paremteral
mutrition (months)
1 (male)* 0.75 neonatal total volvulus | 10 em duodenum 6 and 12
entire colon respectively
2 (female)’ g secondary total 15 ¢m jejunum, 5 cm 72
volvulus after ilenm and entire colon
ileocecal
intussusception at 3
years of age
3 (male)' 5 total volvalus 10 cm jejomum, 5 cm 12
Ueum, entire colon
and fleocecal valve
4 (female)t 0.5 total volvulus duodenum and colon 6
1o ileocecal valve
5 (male)! ? total volvulus duodenum and colon not reported and 12
no ileocecal valve respectively
6 (male)! 4 small-howel atresia 20 em jejunum 48
7 (male) 0.8 volvalus ducdenum znd colon 10
no ileocecal valve
8 (female)® 23 Decrotizing duodenum and colon 38
enterocolitis
9 (maley 43 gastroschisis 10 cm jejumim and 52
colon
10 {(malel 2.8 intestinal arresia duodenum and colon 33
11 (female)® 0.6 intestinal atresia not reported 6
12 (female) 1.1 volvulus not reported 12
13 (female)® 1.7 volvulus not reported 18
14 (female) 25 microvillus nclusion not reported 29
15 (maley 1.3 intestinal atresia not reported 15
16 {female)? 102 chronic intestinal not reported 132
pseudo obstruction

! Data from Revillon et al, 1992 (141); * Data from Todo et al, 1992 (149)

on positive results obtained in piglets since 1975 (139,144).
The clinical characteristics of the patients are shown in Table 5. Nine isolated small-
bowel transplantations were performed in 7 children. In all cases the patient was on loag-
term total parenteral npunition before uadergoing small-bowel transplastation and was
considered to have irreversible smmall-intestinal failure.

Transplant protocol
In the performed tramsplantations, donor and recipient were ABO compatible in all
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pztients except in patieat 5 in which donor was O* and recipient A*. All grafts used were
harvested from human leucocyte antigens (HLA)-mismatched domors ramging from
neopates (0n=3) to 17-year-old children (n=6) (141). Grafts were harvested during
muliple-organ harvesting and prepared by in sitn vascular flushing of the small bowel
with Collin’s or University of Wisconsin sclution at 4°C. The smali-bowel graft included
2 jejunoileal segment of $0 to 120 centimeters on a vascular pedicle of the superior
mesenteric vessels. The graft was always placed heterotopically at first instapce to
facilitate eventual removal of the grafi in case of complications. The vascular washing
solution included CsA (100 mg/L) and anti-thymocyteglobulin (50 mg/L).

Postoperative imumosuppression included CsA, wusually combined with methyl-
prednisolone (2 mg/kg/d). In all except the first two cases amtithymphocyteglobulin
(5mg/kg/d over 2 6 hr infusion) was given for 15 days and Azathioprine (1.5 mg/ke/d)
was inchuded from day 6 onwards.

Aptbiotic treatment- consisted of adminisiration of systemic antibiotics, including
ceftazimidime (100 mg/kg/d), phosphomycin (200 mg/kg/d) and orpidazole (30 mg/ke/d)
and, toial decontamination of the recipient bowel by using vancomycin (100 mg),
colimycin (1 million units), tobramycn (100 mg) and nystatin (300 mg) four times a day.

Postoperative course

Rejecton. The graft was monitored by regularly observing the stoma for early histologic
signs of rejection (villus edema and mucosal sloughing) and alierations in
immunohistochemically stained biopsy specimens (increased T-cell infiltrates and
increased HILLA-DR expression on crypt enterocytes) the graft was monitored.

Early acuie rejection was observed in two patients (2 and 5) and was marked by increased
ijeostomy output. A prompt increase in immumosuppression (ATG 5 mg/ke/d) reversed
the rejection process in patient 2. Patient 5 was treated unsuccessfully with OKT3 after
which the graft had to be removed.

Delayed acute rejection was successfully treated with OKT3 in two cases (patient 3 and
4). No attempt to reverse rejection was undertaken in patients 1 and 2 because of the life-
threatening condition of the patients at that time.

Graft-versus-host disease. Using CsA combined with methylprednisolone and azathio-
prine, rejecton occurred in all cases whereas no signs of graft-versus-host disease were

Seen.

Infection. The infectious complications observed were opportumistic infections with
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Preumocystis carinii and Cytomegalovirus and can therefore be amributed to the
immunocompromised condition of the recipient and not to rejection.

Graft function. Intestinal continuity was reestablished if a patient had good climical
condition without signs of rejection and tolerated enteral feeding. In patient 3, the graft
was brought in orthotopic position in the 11th postoperative month. This infant was able
1o maintain a pormal eating pattern for several months. Six months after the orthotopic
placement of the graft, the patient developed chronic rejection necessitating removal of

the graft.

In patient 4, better known as Virginie, intestinal contimuity was reestablished at 8 months.
Total parenteral mutrition was progressively diminished and discontinued at 10 months. A
recent report (142) describes the first 26 months in detzil. The results show normal
growth and beight curves. Intestinal transit time smdies demonstrated normal barium
through flow. The fat absorption rate was alsc in the normal range. The patient is now
totally enterally fed and is receiving oral immunosuppression.

4.2  Pittsburgh; transplantation under FK 508-based immunosuppression

Recipients

In several rat small-bowel transplantation models (143,144,145) the usefulness of FK 506
was demonstrated 1o be superior to the immunosuppressive capacity of CsA. This finding
prompted the Piitsburgh group to Initate a clinical trial of combined small-bowel-liver
transplantation in May 1990.

The pretransplant clinical characteristics of the pediatric recipients are summarized in
Table 5. All patients were on total parenteral nutrition for a certain period, varying from
1 10 132 momhs. Three patients received an isolated small-bowel graft. The other six
patients had experienced severe liver damage (total bilirubin from 6.3 to0 50 mg/DL) and
therefore received a combined small-bowel-liver transplant {246).

Transplarnt protocol

The domors were ABO-identical with the respective recipients. As in Paris, HLA
matching was random and resulted in two cases in whick Iymphocytotoxic cross-matching
was positive, Graft harvesting and techmical details of the constuction of liver
engraftment and heterotopic placement of the small bowel have been described in detail
by Starzl et al (147). The small-bowel graft consisted of almost its entire length, from 2
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Table 5 Transplantation-related features of individual patients
Patient and date Composition | Postoperative complications Graft TPN
of tramsplantation | of the graft Survival
1 01/09/87 small bowel * graft necrosis and subsequent 3 hours
hemodynamijc disorders
03/26/89 small bowel * no early complications
* week 7: deveigpment of sepsis, 8 weeks
pneumonia and rejection
2 03/21/87 small bowel * 1o early coroplications 205 days
* day 15: acute rejection
* day 205: graft rejection and
subsequent renal insufficiency, major
liver disease and hematelogic
disorders
3 Q2/18/88 smail bowel * no early complications 17 months
* day 30: CMYV infection
* day 60-64: recurrent pancreatitis
* day 150: subacute rejection
* month 17: chronic r¢jection
4 03/18/85 small bowel * rcjec;a]':g episodes (ar 3, 5 and 19 > 3 years | free
eon
* poeumocystis infection
5 06/30/89 small bowel * day 8: severe rejection 25 days
2/2/80 small bowel * hemodynamic disorders leading to none
6 2/2/89 small bowel * g0 early complications 7 months
* month 5: acute rejection
* month 7: chronic rejection
7 /2790 small bowel * no early complications 30 days
* day 30: acute rejection
8 07/24/90 smal} bowel * rejection episedes: 3 (SB), 1 (1) > 2 years | free
and liver * infections episodes: 3(b), 1 (v), 2 (¥)
* yefused to eat
9 11/24/90 small bowel * spinz] cord injury after spinal tp > 2 years | free
and liver * rejection episodes: 1 ($B), 6 (L}
* infections episodes: 3 (b), 2 (v), 2 (1)
* pylorospasm
10 03/24/91 small bowel * paralysis of the right hemidiaphragm > 1.5 free
and liver * rejection episodes: 4 (SB), 6 (L) years
* infectious episodes: 3 (0). 2 (v). 2 ()
11 08/09/91 small bowel * anastomotic bowel leak died of sepsis | 23 days
and liver and possible graft-versus-host disease
12 08/10/91 small bowel * no complications > 1 year free
and liver
13 08/12/91 small bowel * no complications > 1 year free
and liver
14 10/31/91 small bowel * not reported > 1 year fTee
15 12/25/91 small bowel * not reported > 10 free
months
16?7 small bowel * not reported ? partial

TPN = total paremieral nutrition, SB= small bowel, L= liver, b = bacterial , v = viral. t = manslocation
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few centimeters distal to the ligament of Treitz to 2 few centimeters proximal to the
Heocecal valve. The graft was perfused in isolation with cold University of Wisconsin
solation but no luminal washing was performed. No effort on donor pretreatment
(immunomodulation) was made.

Administration of FK 506, the basic immunosuppressive therapy, was started immediately
after graft revascularisation by contimious intravemous infusion (0.1 to (.15 mg/ke/per
day) (148). Intravenous administration of the drug was switched to enteral administration
{twice daily with a total dose of 0.3 mg/kg/per day) a few days after enteral feeding was
restarted. Low dose methylprednisolone, 200 mg at first dose tapered to a 20 mg/day
maintepance level over 5 days, was given additionally. From patient 14 on, prostagiandin
El infusion (0.6 to 0.8 g/kg/hour) was added to the immunosuppressive cocktail.

Selective intestinal decontamination was the sarne in donor and recipient and consisted of
a mechanically given mixture of amphotericin B, tobramycin and polymyxin E given four
times 2 day for a period of 4 to 6 wesks. Systemic antibiotics included ampicillin and
claforan and was given the first five postoperative days.

Postoperative course

Rejection. Endoscopy was performed and biopsy rmuaterial was obtaimed if climical
symptoms of intestinal rejection, including fever, malaise, dysmotility (lleus or diarrhes)
of the graft or malabsorption were present. On base of these findings (clinical, endoscopic
and biopsy) the degree of rejection was diagnosed (149), and weatment was adjusted if
necessary. Treamment resulied in control of rejection in all cases. In Table 3, rejection
episodes are shown for each patient for both intestine and liver.

The incidence of graft rejection appeared to be lower, after isolated small-bowel
transplantation than after combined small-bowel-liver transplantation, at least in the early
postoperative period {150).

Graft-versus-host _disease. Patient 11 possibly died of graft-versus-host disease, because
clinical findings of grafi-versus-host disease, including apoptosis and infiltration of the
skin with lymphocytes of donor phenotype, were found one day before death. The patient
died 23 days after the operation after having developed sepsis and multiple organ faiture.
In the other patients no signs of graft-versus-host disease were encoumntered.,

Infection. Four patients developed in total 6 infectious episodes in which microorganisms
detected n the blood were proven the same as present in the stool. In half of these
occasions, translocation could be associated with rejection. it appeared that isolated small-
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bowel grafted recipients had an incidence of infectious complications comparable 1o small-
bowel-liver grafied ones. Patient 10 developed an opportunistic adenovirus infection.

Graft function. Reestablishment of the Intestinal corntinuity was established 8§ 10 16 weeks
after beterotopic placement of the grafi. All but one patient (16) had become independent
of total parenteral nutrition (149). These updated results are more optimistic than those
reported previously by the same group (151). At that time only two of nine patients were
totally independent of total parenteral putrition. Initially, 2ll patients had aversion to food
and had to be taught to eat. By now, patients 11 and 13 still refuse to eat nommally. The
graft’s function was assessed by means of histology, intestinal graft transit time studies
and several absorptive tests (fecal far excreton, FK 506 kinetics and D-xylose
absorption).

Fat absorption was abnormal in all patients, even as long as one year after transplantation
(149). In the early postoperative period both accelerated and prolonged intestinal transit
time were found which improved later on. The D-xylose absorpiion test showed slightly
abnormal results in patient 12 and 13 on 111 and 73 days postoperatively respectively.
The other patients had normal! D-xylose absorption. The available weight data are
summmarized in Table 6, which shows that ail patients gained weight after being fed
enrerally.

Table 6 Results om start of oral feeding after heterotopic placement amd subsequent weight
zain after orthotopic placemenmt of imtestimal graft (56-112 days after heferotopic
placement), npdated to January 1992
Patient Searting Complete Preoperative Corrent Postoperative
eateral enteral weight (kg) Weight (kg) survival
feeding (days) | feeding (days) {days)
g 11 60 12.8 14.8 > 557
9 23 210 19.6 20.2 > 434
10 37 200 14.8 19.3 > 314
12 16 60 10.8 12.7 > 175
13 30 45 10.8 12.7 > 175
14 9 49 12.4 14.6 > 93
15 5 14 12.6 12.8 > 38
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4.3 Discussion

The experimental basis obtained by the Paris group was not very convincing for starting a
clinical trizl. Their average failure rate was 20 out of 44 operations and the clinical
immunosuppressive protocol was bzsed on only 4 long-term surviving apimals. In the
clinical cases described, no atteption was given to HILA matching. No comment can be
made on the benefits of tissue matching for small-bowel transplantation on the basis of
clinical experience. However, concerning the results of HLA matching in case of other
solid organ transplant programs and those obtained in large amimals a potential effect of
tissue matching on graft survival can certainly not be exciuded (152,153). The bad results
obtained in the nine performed transplantations led to a stop of the clinical transplantation
programm in Paris.

The Pitisburgh transplant protoco! included no efforts on immunomodulation of the graft.
Such policy, regarding the immunogenicity of the graft, may be expected to result in a
high incidence of graft-versus-host disease. However, their experimental work has
routinely demonstrated prevention of graft-versus-host disease mn rats treated with FK 506
(144). The one patient that developed clinical graft-versus-host disease was receiving
decreased immunosuppression because of a technical complication.

The clinical results show that successful intestinal tramsplantation is now feasible from 2
technical point of view. The postoperative course was stormy in most patients, rejection
sill being a major barrier, even under FK 506 immunosuppression. Surveillance
endoscopy 1is indispemsable for early diagmosing refection with the "official” tools as
confirming ipstruments. Infectious complications, in some cases early indicators of graft
rejection, were often encountered. These problems underline the complexity and
difficulties in managing the early postoperative phase after small-bowel transplantation.
The stodied parameters on functioning of the transplamted imtestine were satisfying,
aithough the abnormal results on fecal fat excretion give reason for cantion with respect
to long-term functioning.

At this moment, the available data on weight gain do not indicate that 2 small-bowel
transplant cap provide for adequate nutritional support 0 a growing individual with short
bowel syndrome. Besides, very recently it has been decided to stop the climical small-
bowel-liver transplantation programm In Pitisburg also as a consequence of the bad
overall results in the long run.
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A, SCOPE OF THE ADAPTATION-RELATED STUDIES

After extensive small-bowel resection, the remaining intestine will adapt to the loss of
absorptive area. The adaprive changes include alterations in gut morphology as well as
gut functon. The overall process, which is very complex, is still not precisely
understood. A tool for monitoring the functional status of the imtestine is still missing.
This is why it 1s still impossible to swdy the effect of factors that might affect the
functioning of the intestine. There is evidence that enteral nutrition is 2 roajor stimulator
of intestinal adaptation. However, the belief that an predigested diet is the optimal
treatment of the short bowel syndrome is not based on any well-designed experimental
study.

The adaptation-related experiments described in this thesis were performed to answer the

following questions:

* Is it possible to monitor the functional process of intestinal adaepiation after
massive small-bowel resection 7
This was investigated in rats that underwent near-total small-bowel resection; we
developed a non-invasive method for in vivo measurement of transepithelial
potential differences (Chapter 3).

* What is the role of the complexity and composition of emteral ruarition on the
morphologic and fumctional adapration after massive small-bowel resection ?
This was mvestigated in rats that underwent small-bowel resection; the rals were
fed either normal rat chow, a diet with intact or partial hydrolyzed proteins, or a
non-identical polymeric diet (Chapier 4).

B. SCOPE OF THE TRANSPLANTATION-RELATED STUDIES

Small-bowel transplantation in man is now technically feasible. Before z clinical small-
bowel transplantation program in children is justified, it zoust have been ascertained that a
small-intestinal transplant can give adequate outritiomzl sepport to a growing individual
with the short bowel syndrome. There are a mumber of aspects that are mvolved in the
functioning of the smafl imtestine. Firstly, the trapsplantation procedure itself may
temporarily or permenently alter the small-intestinal function in such a2 way thar intestinal
transplantation is not a realistic treatment modality. Secondly, optimally MHC-marched
persons could donate allogensically identical segments of intestine to serve as grafis for
persons with severe short bowel syndrome. In growing individuals this approach is omly
beneficial if 2 segmental graft adapts sufficiently to treat the short bowel syndrome and w0
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sustain growth and development.

Mzjor problems in human small-bowel transplantation are the stormy postoperative
course, requiring multidisciplinary management, and the lack of an early, simple rejection
marker. A simple test indicating the functional capacity of the graft is 2lso not available at
present.

The transplantation-related studies were performed to answer the following questions:

* Can normal growth and development be expected after performing total orthotopic
small-intestinal awtotransplantation in growing individuals ?

This was investigated in growing dogs by performing one-step total orthotopic
small-intestinal autotransplantation (Paragraph 5.1).

* Whar are the long-term effects of the small-bowel transplantation procedure on
Junction, morphology, and bactericlogy of the small intestine of a growing
individual ?

This was evaluated by long-term analysis of the funmctional, morphologic, and
bacterial status of the small intestine after ome-step total orthotopic small-intestinal
antotransplantation in growing dogs (Paragraph 5.2).

* Is ultrasonography of value in the follow up of small-bowel mansplantation ?

This was determined in growing dogs, by means of ulitrasonography, to evaluate
the postoperative course after a Iwo-stage segmental sroali-intestinal
allotransplantation {Chapter 6).

* What is the role of a MHC-matched segmental smail-intestinal allorransplantarion
model in the treatiment of the short bowel syndrome in growing individuals ?

This was investigated in growing dogs by performing a two-stage MHC matched
segmenta]l intestinal allotransplantation (Chapter 7).

* Is it possible 1o detect acute intestinal rejection at an early stage by use of a serum
marker ?

The value of diamine oxidase as serum marker of acute rejection was studied in
rats after performing fully allogeneic total orthotopic small-bowel transplantation
(Paragraph 8.2).

* Is it possible to evaluate inzestinal graft function by use of a simple test 7
Tke value of assessing postheparin diamine oxidase release as imdicator of graft
function was determined after fully allogenelc total orthotopic small-bowel
transplaptation in rats (Paragraph 8.3).
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THE VALUE OF IN VIVQO ELECTROPHYSIOLOGIC MEASUREMENTS FOR
MONITORING FUNCTIONAL ADAPTATION AFTER MASSIVE SMALL-BOWEL
RESECTICN IN THE RAT

Abstract

The process of functional adaptation afier extensive smail-bowel resection is complex and
imprecisely understood. We set out to evaluate the value of in vivo electrophysiologic
measurements for monitoring the functional adaptation process after massive small-bowel
resection in Brown-Norway rats. Rats underwent either a sham operation (sham-operated
rats) or a 90% small-bowel resection (small-bowel resected rats). Standard rat chow was
fed ad libitum. At 3 or 10 weeks postoperatively, jejunal and fleal transepithelial potential
differences (in mV) were determined. Electrogenic ion tramsport in villos and crypt was
measured after glucose (sodium-coupled active glucose absorption) and theophylline
infusion (theophylline-stimulated chioride secretion) respectively. Biopsies were obtained
simultaneously. Each experimental group consisted of 3 i0 5 apimals. At 3 weeks the
theophyllive-stimulated chioride secretion and the sodium-coupled active glucose
absorption in small-bowel resected rats were significantly lower than in sham-operated
rats in both jejunal and ileal segments. At 10 weeks the theophylline-stimulated chloride
secretion and the sodium-coupled active glucose absorption were significaptly diminished
in the jejunal segrment of the smali-bowel resected rats as compared to the sham-operated
rats. However, the values of theophylline-stimulated chloride secretion and sodium-
coupled active glucose absorption in the ileal segments were not differemt amymore
between the two groups. Three and ten weeks postoperatively the villus length in the
small-bowel resected group was increased significantly as compared to the sham-operated
controls. These results indicate that in the early phase of adaptation in vive
electrophysiologic parameters do not correlate with histologic changes in the small-bowel
resected rats. This might be due to cell immaturity resulting from an imcreased cell
turnover rate and/or lack of intercellular tight junctions. This hypothesis is supported by a
recovery of transepithelizl potential differences, in response to stinmulation, in the ileum
10 weeks after resection.
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Imtroduction

Extepsive smali-bowel (SB) resection triggers complex adaptive changes (1,2). Initiaily,
all resected patients need intravenous infusion to avoid the development of malnutrition
while oral feeding is being attempted (3). Most negatively, the markedly reduced
absorptive surface results in the short bowel syndrome, which is defified as incapability to
thrive through oral muirition. Most positively, the remaining bowel adzpts sufficiently to
provide essential nutritional support. Manipulating the outcome is difficult, as the process
of functional adaptation afier extensive SB resection is not fully understood.

Imtestinal adaptation has been described as the proliferative, morphologic and functional
response to a varjety of iptermal and external stimuli to maintain equilibrium In the
gastrointestingl tract {4). After Imtestinal resection, hyperplastic changes caused by
increased cell turpover in the proliferative zome of the crypts, are generally seem in the
enteric remnant (5). There is evidence that the unchanged number of cells per unit length
way indicate immature enterocytes (5,6,7), but increased absorptive capacity per umit
length has been reported as well (8,9). These divergen: resuits may be ascribed to
chronologic differences in the swdies performed. Urban et al postziated that morphologic
growth precedes functional components of imtestinal adaptation after resection (10).
However, the exact interrelationship between histologic changes and funciion, possibly
regulated by different factors that may be sequentially interrelated, is upkmown. The
purpose of this siudy was to determine the value of in vivo elecrophysiologic
measurements for moniioring functional intestinal adaptation.

Electrophysiologic responses are reliable indicators of SB function (11). We developed an
in vivo technique, measuring transepithelial potential differences (PD) eveoked by sodium-
coupled active glucose absorption, which is an index of villus function, ané cAMP
mediated chloride secretion, predominantly reflecting crype cell fumction.

Moreover, histologic specimens were collected to explore the interzelationship between
morphologic and functional changes during the adaptation phases studied in this
investigation.

Material and Methods

Animals

Male rats of the inbred Brown-Norway (BN) strain (Harlan CPB, Zeist, The Netherlands)
were used. The animals weighed 250-400 g and were bred under specific pathogen-free
conditions. The animals underwent either a sham operation (SH), a 90% SB resection
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(SBr), or were negative control animais (IS). During the experimental period, all animals
were kept under standard laboratory conditions {12 hours light/12 hours dark) and were
given water and standard rat chow (AM-II; Hope Farms, Woerden, The Netheriands) ad
libitum.

Ethics

The experimental protocols adhered to the rules laid down in "The Dutch Animal
Experimentation Act" (1977) and the published "Guidelines om the Prowction of
Experimental Animals” by the Council of the E.C. (1986). Specific protocols were
approved by the Commitee on Animal Research of the Erasmus University, Rotterdam.
Permission was given as the expected animal harm was considered minor to the expected
social benefit.

Operation procedure

The rats were anesthetized with ether after which a midline laparotomy was performed.
SBr rats were created by pear total SB resection, i.e from 2.5 c¢m distaily from the
Bgament of Treitz 1o 2.5 cm proximally from the ileocecal valve. A sham operation was
performed by tramsection midway ileum and jejunum, without removal of bowel mass.
After each procedure gastrointestival contimuity was restored in an end-to-end fashion,
using Ethicon 7-0. After the operation, all animals were given 1 ml {10% v/v in PBS)
Depomycin 20/20 (Gist-Brocades, Animal Health b.v., De Bilt) subcutaneously. Half of
the apimals in each group underwent electrophysiologic monitoring and were sacrificed 3
weeks postoperatively (SH,, n=>5 and SBr;, n=7), the other animals (SH;,, n=>5 and SBrp,,
n=5) 10 weeks postoperatively. A third group of animals (IS, n=3) were not subjected to
any operation. In these rats the superior mesenteric attery was clamped two hours before
starting the electrophysiologic measurement in order to provoke ischemic intestinal injury.
The intestinal segment selected for measuring was anatomically identical in all rats.

Techniques
Growth assessment. Postoperatively, the animals were weighed three times a week.

Electrophvsiologv. Rarts were apacsthetized with ether, and 2 midline laparotomy was
performed 10 visualize the bowel for the electrophysiologic measurement. This method is
a modificaton of the technique developed by Meljssen et al to monitor function of the SB
in dogs (12). A well-defined jejunal and ileal segment was chosen as measure-irea in
which a continuous flow of test soludon was maintained using camulas. Several iso-
osmolar test solutions were flushed through the segment to determine intraluminal
transepithelial PD in reference to a subcutaneous Ag/AgCl, electrode (37°C, 8 ml/min).
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The standard solution consisted of (in mM): Mannitol 50; NaCl 110; HEPES 5; XCl 4;
Na,S0, 10. In the theophyliine and glucose contzining sohutions part of the mannitol was
iso-osmotically replaced by 5 mM Theophyliine or 30 mM «-D-Glucose respectively.
Before starting the measurement preperfusion was performed (6 mimates) to equilibrate
luming] content with the standard perfusion soludon. Subsequently the following solutions
were infused for 5 minutes each: Standard-Theophylline-Standard-Glucose-Standard. The
standard solution was used {o assess the basal potemtial differences which reflect
physiologic active ion transport. Infusion of Theophylline-solution (SmM) evoked chloride
secretion, predominantly a crypt function, resulting in an iotralumipal negative PD (PD-
theo). A Glucose-solution (30mM) evoked sodium-coupled glucose absorpion, reflecting
vilius function, also resuiting in an iniraluminal negative PD (PD-giu). An overview of
the technique is depicted in Figure 1.

Fig1. Overview of the set up for electrophysiclogic measurements.
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Histology. Full thickness biopsies were collected just before the electrophysiologic
measurements and immediately fixed in 3.6% buffered formalin, then dehydrated and
embedded in paraffin. Sections of 4-5 pm were stzined with hematoxylin-azophloxin-
safran. By standardized projection of sections on a screen thromgh a light microscope,
crypt and villus length could easily be measured.Villus height was measured by
subtracting crypth length, i.e the shortest distance between the botiom of imtestinal villi
and the lamina muscularis mucosae, from mucosa height. For each rat, a total of 10
measurements was performed and the average was considersd representative in the
comparative study.

Metabolic parameters. During the sixth postoperative week, rats were kept for 4 days in
metabolic cages provided with 2 system to collect faeces and urine, and to measure food
and water conswmption.

Statistical analysis

Statistical analysis of data between experimental groups was performed using the
Student’s t-test. We preferred to express our data as the difference between SH and SBr
at each time point, because there was a tendency in the sham-operated group to a
decreased PD response, apparently as a consequence of the operation. Differences with p-
values lower than 0.05 were considered to be signaficant.

Resuits

Mean weight change curves during the postoperative period for resected and sham-
operated animals are shown in Figure 2.
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All electrophysiologic datz obtained in SH and SBr rats are sumrarized in Figures 3 and
4.

3 weeks after surgelry 10 weeks after surgery
Electrophysiclogy Electrophysiciogy

Villus length Villus length

pegie T "

Crypt length Crypt length

Fig.3. Jejunum: electrophysiologic and histologic findings. SH, shamoperated; SB, short bowel:PD, potential difference;
Glu, glucose; THEO, theephyline; values in mean (3D).
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3 weeks after surgery
Electrophysiology

Villus length

Crypt length

10 weeks after surgery
Electrophysiology

SEREEREE

Crypt length

Fig4. Jeum: electophysiologic and histologic findings. Abbreviations as for Fig.3.
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Weight

Sham-operated animals exhibited a smail postoperative weight loss followed by weight
gain 10 110% of the preoperative weight. In the short bowel group the follow-up revealed
postoperative weight loss to 70-80% followed by a gradual recovery to 0% of the
preoperative weight. None of these rats gained preoperative body weight within 10 weeks,
Two SBr, rats died during the experimental period due to ¢linical short bowel syndrome.

Electrophysiology
Jejunal electrophysiologic measurements. At 3 weeks, the glucose and theophylline

stimulated PD responses in SBr, rats were significantly diminished compared to SH; rats
(p<0.02 and p< 0.05 respectively). At 10 weeks the stimulated PD responses in SBr,
rats were significantly lower in the jejunal segment as compared 10 SH, rats (PD-ghi: p<
0.01; PD-theo: p<0.05). In IS rats, no response was found to either of the test solutions
{resuits not shown).

Tieal electrophvsiologic measurements. At 3 weeks, stimulated PD responses mn rats from
the SBr, group were significantly diminished for both glucose (p<0.01) and theophylline
{p <0.05) compared to those in group SH,. At 10 weeks no significant differences in PD
respopses were found in either of the groups. Ip IS rats, again, no respomse was found to
either of the test solutions (results not shown).

Histoiogy
Histologic data are depicted in Figures 3 and 4 respectively.

Jejunal findings. At 3 weeks postoperatively, villus length was significantly eplarged in
SBr, rats compared 1o SH, rats. Also 10 weeks postoperatively, jejunal villus length was
significantly enlarged in SBr, rats compared to SH, rats. In additiom, no differences in
crypt length were found in either of the animals.

Tiea] findings. Three weeks postoperatively, villus length was sigmficantly increased in
SBr, znimals compared to SH, animals (p<< 0.05). Ten weeks postoperatively, no
significant difference was found in ileal villus length between the experimental groups.
Again, no differences in erypth length were found in either of the groups.

Metaboiic parameters

Figure 5 shows that 6 weeks postoperatively there were no significant differences between
SH and SBr operated animals for food intake, water consumption, and urine and faeces
production.
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Gram
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SB-C SH-C 5B-wW  SH-W SB-F SH-F  5B-U SH-~-U

S8=ShortBowe |l SH=Sham
C=Chow w=water U=Urine F=Faeces

Fy.5. Metabolic staws six weeks after operation.

Discussion

In our experiments we performed near total SB resection to obtain a2 sublethal SBS model.
In our view the occwrrence of malmutrition, which is a characteristic of our sublethal
model, may be 2 major wigger for intestinal adaptation. We set out to evaluate the
interrelationship between active electroiyie transport mechanisms and mucosal growth in
jejunal as well as ileal segments in the follow-up of intestinal adaptation. The metabolic
stdies, performed six weeks postoperatively, demonstrated that at that time differences
between sham-operated and resected animals were not caused by major metabolic
changes. Electrophysioclogy, a reliable tool for functional assessment of active electrolyte
transport mechanisms (12), might be useful to monitor the functiopal adaptation process.
The electrophysiologic results show that the methodology developed is technically feasible
in rats. It has been demonstrated that clamping the superior mesenteric artery for two
hours results in ischemic intestinal injury in which active electrolyte transport mechanisms
have been damaped (13). As expecied, ischemic comtxol animals did not develop a
transepithelial PD in respomse to any of the solutions. In contrast, tramsepithelial PD
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values obtained in sham-operated and resecied apnimals show that active tramsepithelial
trapsport of electrolyies by an isolated bowel] segment can be evaluated quantitatively by
in simt electrophysiologic monitoring. Previcus studies have already shown that in vitro
preparations of intestine can be used to study electrogenic Na* absorption and
elecrrogenic CI' secretion (i4). From both in vio and in vivo smdies, it is generally
assumed that villus epithelial cells are responsible for electrolyte coupled absorptive
processes (14,15). Crypt cells, on the contrary, are thought to be mainly responsible for
secretion of ions and water (i4,16). Barry et al demonstrated (17} that electrical potential
differences are fundamentally similar comparing in vive and in vitro resuits. The in vivo
technique should be preferred to avoid ischemia, disruption of neural Iymphatic and blood
supply and to have better sources of endogenous metabolites. However, the technigue
described in this stdy should be refined to develop a nosm-invasive measuring system, as
recenily developed for large animais (£2). Such a refinement would have great value in
the investigation of adaptation mechanisms by determining the effect of diet composition
{18), hormonal supplementation (19,20}, or manipulating the polyamine metabolism (21).

Previous experiments showed that reported timing of functional adaptation varies. These
variations may be related to the amount of tssue resected, postoperative time points
studied, the specific region of the enteric remnant explored and the nature of the transport
activities tested. For example, Urban et al (10) found decreased duodenal and ileal
wansport of sodium, chloride, water and galactose in rats 2 weeks after a 70% SB
resection. By 4 weeks postresection, increased duodenal sodium, chloride and water, and
ileal gajactose transport were found. There was increased morphologic growth both 2 and
4 weeks after resection. Another study (22) evaluated carbohydrate absorption 2, 6 and 12
weeks after an 80% resection. Both iIn jejunal and ileal remmants, 2 progressive rise, first
seen by 6 weeks, was evident.

The present experiments show that 3 weeks after resection, both the glucose-induced
(reflecting Na+-couple glucose transport by the villus epithelium) and the theophyliine
provoked PD response (reflecting active Cl- secretion by the crypt epithelium) in ileum
were significantly diminished as compared to sham operation. At that time, a considerable
increase in villus length was found in resected rats but no enlargement of the crypts was
found. In jejumum, 3 weeks after resection, similar results were found. We assume that 3
weeks after resection the enteric remnant exhibits functional mmaturity a8 a consequence
of increased cell turnover. Such mrmpamurity has already been postulated (5,6,7,10) and
may readily explain the reduction in Na-+-glucose cotransport, a characteristic feature of
mature villus cells. However, the parallel reduction in the theophylline-induced PD is
more difficult to imterpret, considering the prominent role of immature intestinal crypt
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cells in active Cl- secretion.This chromologous finding canmot be explained by a
byperactivation of the Ci- secretory poars by endogenous secretagogues in the SB group,
because the basal PD was npot significantly different between SH and SBr rats. An
potential factor expected to result in impairment of the electrical response to both ghicose
and theophylline in the early adaptive phase after SB resection might be the absence, or a
functiopal alteration, of interceliular tight junctioms during this hyperplastic period (23).

In ileum, a different picture emerges 10 weeks after resection. Ileal PD measurements in
resecied rats were then mo longer different from those in sham-operated rats. Besides,
villus length was no more significantly increased In resected animals. In contrast, by 10
weeks after resection, evoked jejunal PD responses remained decreased as compared to
values obtaiped 10 weeks after sham operadon. This finding, coupled with still
significantly enlarged jejunal villes length after resection, implies that, for the specific
transport capacides tested, functional adaptation of ileum precedes functionzal adaptation of
jejunum after 2 90% SB resection in rats.
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THEE EFFECT OF DIETS WITH INTACT OR PARTIAL HYDROLYZED
PROTEIN ON FUNCTIONAL ADAPTATION AFTER MASSIVE SMALL-BOWEL
RESECTION IN THE GROWING RAT

Abstract

The aim of this study was to examine the relative importance of protein complexity and
protein composition in promoting adaptation after extensive small-bowel resection.

Ninety rats subjected to near-total small-bowel resection received either normal rat chow,
a diet with partial hydrolyzed proteins, an identical diet but with intact proteins or z non-
identical diet with intact proteins. During the experimental period survival was scored and
weight was mezsured regularly.

Either 2 or 10 weeks after resection the adaptive state was evaluated by determining the
metabolic status, serum enzyme activities, postheparin diamine oxidase activity, villus and
crypt lengths, as well as:cell proliferative activity. The results show that the diet with
partial hydrolyzed protein is as effective as the diet with imtact proteins n mitating and
supporting adaptation. In the first two weeks, the nop-identical diet with intact proteims
was saperior to these diets as evidenced by a lower shost teren mortality rate, increased
postheparin diamine oxidase activity, increased crypt lengths and crypt cell proliferative
activity. No long term differences were found among the experimental groups.

These results suggest that the role of protein composition is more important than the role
of protein complexity in the early adaptive phase following smali-bowel resection.
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Imtroduction

Intestinal adaptation, the ability of the residual small bowel to compensate for the loss of
intestinal raucosa which may occur after surgery, is critical to the succesful recovery of
patients with short bowel syndrome (SBS). The management of SBS requires a period of
" TPN, at least until some bowel regeneration occurs, allowing the introduction of enteral
mutrition. With respect to the well-established TPN, the Importance of orzl intake as a
positive stimulus to the adaptive stage of the remaining bowel has been recognized. Lack
of luminal content leads to absence of the hyperplastic response, occurring in the residual
intestine {1). In segments exposed to enmteral nutrients following resection there is am
increase in both epithelial ceil proliferation rate in the crypts and migration rate of the
cells onto the villi, resuiting in enlarged villi (2,3). The villus hyperplasia is characterized
by an Increase in mucosal cell mass and im DNA, RNA and protein conmtent (4).
Functionally, these segmenss exhibit increased absorptive capacity per unit length (4).
Other factors stiroulating intestinal adaptation to SB resection inchide bile and pancreatic
secretions (5), circelating hormmones (§), and polyamines (7).

Several findings indicate that complexity and composition of the proteins within the diet
may play a role in the adaptation process of the bowel (8-14). Experimentally, the effect
of complex versus chemically defined diets as well as the effect of individual putrients on
intestinal adaptation have been smdied. Although not based on experimental justification,
elemental diet became the standard treatment of choice when starting oral refeeding (15).
The few data obtzined from rat studies revealed no benefit from elemental diets over
nonelemental food regimepns and even suggest that a polymeric composition is better
{16,17,18). In these studies, the mferiority of elemental diets could reflect differences in
protein composition instead of complexity. However, a semi-elemental diet normally
comsists of partial hydrolyzed proteins, but with the same amino acid composition as the
intact protein.

The present study, therefore, was designed to compare a diet with partdal hydrolyzed
proteins with an identical diet containing intact proteins. The diet with partial hydrolyzed
proteins is used in children suffering from SBS in the age of 10 -16 year.

In addition, a macromolecular diet differing In composition from the diet with partial
protein, was tested. In the clinical sitwation, this diet is prescribed to children of that age
when there is no indication for a hydrolyzed diet and may reveal the relative importance
of diet composition in comparison to diet complexity. Adaptation, after near-total small
bowel resection, was evaluaied by meaps of the following parameters: survival, weight,
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serum parameters indicating the muiritional status, postheparin DAQ assessment, histology
and crypt cell proliferation.

Materials and methods

Animals

Ninety male WAG rats (Harlan CPB, Zeist, The Netherlands) weighing 200-225 gram
(10-12 weeks: young adults} were used. Animals were housed in 2 wire-netting cage (to
avoid saw-gust eating) and maintained vnder conventional conditions with 12-hour light
and dark cycles in accordance with the guidelines of the National Research Council. The
animals were given the specific diet and water ad libitam.

Operative procedure

The rat was anesthetized with ether. The abdomen was shaved and desinfected with
alcohol 70%. Laparotomy was performed throngh a midiine incision, whereafter the small
Imtestine was exteriorized from the ligament of Treitz to the Heocecal valve. Ninety
percent of the small intestine was then resected, from 2 cm distal to the ligament of Treiz
t6 2 cm proximal to the ileocecal valve. Intestinal contimuity was restored in an end-to-
end fashion with continious suturing using micro sutzes {(7-0 silkk, B. Braun-SSC AG,
Switzerland). The abdomen was closed in two steps, first the muscle layer was closed and
subsequently the skin layer using setures (2-0 sitk, B. Braun Melsungen, Germany).

Diet protocol

Before resection all rats were fed the standard laboratory diet (AM2, Hope Farms,
Woerden, The Netherlands, pormal rat chow). Afier resection, the rats were randomiy
assigned to one of the four experimental groups, differing in diet composition, All diets
were given enterally in solid form. Group 1 (n=20) received AM2. Group 2 (a=21) was
given a polymeric diet, based on casein protein (Nutrison, Nutricia-Zoetermeer, The
Netherlands; non-identical polymeric diet). Group 3 (n=26) received a diet with partial
bydrolyzed protein, based or whey protein (Pepti-2000, Nutricia-Zoetermeer, The
Netherfands). Group 4 (2=23) was fed the same diet as group 3, but with intact proiein
(Pepti 2000 N.H., produced for experimental purposes, Nutricia-Zoetermeer, The
Netherlands). The nuirient compositions of Nutrison, Pepti 2000 and Peptd 2000 N.H
were optimalized for use as rat food, according to Table 1. All used diets were isocaloric.
AM?2 contzined more nitrogen in comtrast to the other isonitrogenous diets.
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Table 1 Composition of experimental diets
(values givem per gram of the specific diet)

Group—~ 1 2 3 4
product name-= AM2 Nurrison Pepti 2000 Pepti 2000 N.E
4 component
Proteis (&) 0.24 0.19 0.18 0.18
* protein hydrolysate 0.1% 0.18 -
* casein - - -
* whey protein - - 0.18
Fat (g 0.06 0.18 0.15 0.15
* vegetable oil 0.18 0.08 0.08

- Hnoleic acid 0.02 0.08 0.04 0.04

- alpha-linolenic acid 0.002 0.001 0.001
* MCT - 0.08 0.08
Carbohydrates (g 0.51 0.58 0.51 0.51
* glucose 0.02 0.01 0.0t
* moajtose 0.14 - -
* polysaccharides 0.42 0.04 0.04
* MD/glucose syrup - 0.60 0.60
Fiber (g) 0.05 - - -
* gicacell 2+4 '0.05 - - -
Minerals (mg)
* sodiu 2.70 4.76 2.03 2.03
* potassitm 7.91 6.30 6.19 6.19
* chloride 3.16 5.85 342 3.42
* calcium* 7.58 5.62 5.32 5.32
* phosphorus * 5.21 4.52 4.28 4.28
* magnesiom 2.09 0.94 0.67 0.67
* jron 0.17 0.05 0.04 0.04
* zinc 0.01 0.04 0.03 0.03
* copper”™ 0.01 0.006 0.006 0.006
* * 0.06 0.06 0.06 0.06
* jodine 0.0003 0.0003 0.0003 0.0003
Vitaming (mg)
* vitamin A (IU) 15.75 11.65 10.99 10.9%
* vitamin D3 JU)* 1.30 113 1.07 1.07
* vitamin C - 0.21 0.25 025
* vitamin E QU} 0.10 0.07 0.04 .04
* vitamin K 0.007 0.0001 0.0003 0.0003
* thiamin (B1)* 0.02 0.004 0.004 0.004
* ripoflavin (B2) 0.02 0.004 0.004 0.004
* piacin 0.08 0.05 0.04 0.04
* pyridoxine (B6)* 0.02 0.007 0.006 0.006
* vitamin B12* 0.05 0.06 0.05 0.05
* folic acid* 0.004 0.001 0.001 0.001
* pauthothenic acid 0.03 0.02 0.02 0.02
* biotin 0.003 0.007 0.007 0.007
* choline* 1.87 1.13 2.00* 2.00
* meso-inositol** - 1.06 1.06 1.06
Energetic value(Cal) 4.65 4.51 4.76 4.51
* EN% protein 28.7 16 16 16
*EN% fat 7.6 35 29 29
* EN% carbohydrate 59.6 49 55 55

* EN% fiber 4.1

* = purrients i original diets were in shortage compared 1o values given by the National Research Council
and therefore supplemented to given amounts.*™ = meso-inosito] s not mndicated in the NRC-table and
therefore the amount in Nutrison has been adjusted to the amount available in Pepti diets.
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In Table 2, the major differences im composition between the experimental diets are
summarized.

Table 2 Major differences im diet composition

Group~ 1 2 3 4

Product pame-»  AMZ Nutrison Pepti 2000 Pepti 2000 N.H

¢+ Components

Fiber + - - -

Protein casein whey-hydrolysate whey-intact proein

Fat vegetable oil 100%  MCT 50% MCT 50%

vegetable oil 50% vegetable ol 50%

Carbohydrates polysaccharides 73% polysaccharides 91.8% polysaccharides 91.8%
glucose 2.6% glucose 2% gucese 2%
maltose 24 % maitose 6% maltose 24 %

Experimental design

Each experimental grouj; was divided into two sub-groups, "A animals" (Foliow-up 14
days before sacrifice; group 1: n=7, group 2: n=8§, group 3: n==8 and group 4: n=10)
and "B animais" (Follow-up 70 days before sacrifice; group 1: n=13, growp 2: 2=13,
group 3: n~18 and group 4: n~=13)

Parameters obigined during lifetime:

Survival
Animals were sacrificed if they had a deteriorating condition or if weight decline was
more than 30% of the preoperative weight.

Weight
Throughout the experimental period, the animals (A & B) were weighed three times 2
week, at .30 am. :

Merabolic status

On postoperative days 10-14 (A), and 66-70 (B) respectively, animals were housed in
separate metabolic cages to measure food and water consumption and urine and feces
production.

Senan analysis
On the 14th (A) and 70th (B) postoperative day, blood was obtained by tail bleeding,
under ether amesthesia, for determinarion of serum levels of alkaline phosphatase; (AF,
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Units/1 at 37°C), alanine aminotransferase; (ALT, Units at 37°C), aspartate arminotransfe-
rase; (AST, Units/l at 37°C), albumin; (ALB, g/l), cholesterol; (CHOL, mmolT),
wriglyceride; (TRIG, mmol/), total protein; (TP, g/l} and blood urea nitrogen; (BUN,
mmol). Serum levels of AF, ALT and AST were determined by photometric methods
using special pack kits (Merck Diagnostica, Germany) for a multi-test analyser system
(ELAN). Using the ELAN, sermum Alb levels were determined by means of the
bromcresolgreen method, Chol levels using the enzymatic CHOD-PAP method, seram TP
concentration by means of the biuret method and BUN using the GIDH method (special
pack kits from Merck Diagnostica, Germany).

Postheparin DAQ assessment

On the 14th (A); 21th, 42th and 70th (B) postoperative day, 100 international units (TU)
of heparin was injecied into the penile vein. Fifteen mirmtes after injection blood was
obtained by tail bleeding to determine postheparin diamine oxidase activity in serum.

Diamine oxidase (DAQ) activity, as a possible measure for the adaptive state of the
remaining small intestine;, was measured using 2 radioactivity- based modification of the
method of Okyama and Kobayashi (19,20). The method is based om the principle that
DAQ converts “C-putrescine 10™C-Al-pyrroline. In a final concentration of 2.5 ml, the
assay mixture consisted of (a) 200 zl tesi-sample solution; (b) 2100 gl 0.1 M sodium
phosphate buffer, pH 7.0; (c) 10 ul chloral hydrate; 41.4 g/l and (d) 100 ul of subsirate
solution { a mixture of 1.25 mmol/] putrescice dihydrochloride including 0.1ul Ci C put-
rescine dihydrochloride). The samples were incubated for 120 minutes at 37°C. The
reaction was stopped by adding 200 ! of ap aminoguanidine-containing solution (10mM
aminoguzanidine in 2% sodium carbonate). Thereafter, the labeled product, “C-Al-
pyrroline, was extracted into 4 ml of a toluene-based scintallation mixture (Packard
Instriment Company Ine, reorder ne 6013089, Downers Grove, USA) by centrifugation
The radioactivity present was measured using a liquid scintillation amalyzer (Packard, Tri-
carb 2500 TR, Downers Grove, USA). Assay blanks comsisted of 2300 pl sodium
phosphate buffer, 100 gl chloral hydrate and 100 gl substrate solution.

DAOQ activity was expressed as Units/ml {1 Unit= mmol of putrescine dikydrochloride
oxidated in 1 hr at 37°C, pH 7.0)

Parometers obtained after sacrifice:

Histology
Specimens of intestine just distal to the ligament of Treitz and just proximal to the
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ileocecal valve were obtaimed for histology. The collected tissues were dehydrated and
embedded in paraffin. Longimdinally cut sections of 4-5 pm were stained with
hematoxylin-azophioxin-safran. Quantitative morphometric analysis of crypts and villi was
performed on sections projected on a screen through a light microscope. In each section
10 villi and crypts were measured with the mean value representing one amimal. The
mean of zll mats {(data given Im pm + SD) was considered represeptative for an
experimental group.

Cell proliferative activity

Cellular proliferation was assessed by means of an immunohistochemical method using 5-
bromo-2’-deoxy-uridine (BrdU, Bochringer Mannheim, Germany), a2 thymidine analogue
incorporated during the S phase of the cell cycle into reduplicating DNA (21). Animals
were injected intravenously with 10 mg BrdU/ke bodyweight two hours before sacrifice.
After death, paraffin sections were prepared and sections of 45 pm were stained using a
BrdU monoclonal (Becton Dickinson Immunocytometry Systems, San Jose 'USA)-

Identificarion of stained eells was by projecting 2 section on a screen through a lLight
microscope. Labeled cells were present in a definable crypt area, consisting of the first
twenty crypt cells from the bottom towards the top at each side, and therefore caleulated
as percentage positive cells in this area. In this way, differences in crypt length were
excinded and absolute proliferative activity was assessed.

Statistical analysis

Differences in survival rate were analyzed using the chi-square test. For other test resulis,
one way anzlysis of variance was used, followed by the Smdent-Newman-Keuls test. A p
value = 0.05 was considered statistically significant.

Resuits

Survival

Survival data are shown im Table 3. Statistical analysis showed that the short-term
mortality rate in animals fed the non-identical polymeric diet (group 2) was significantly
lower than in znimals fed either the diet with partial hydrolyzed proteins (group 3) or the
identical diet with intact proteins (group 4). Rats fed ncmmal rat chow (group 1) had an
intermediate position with no statistic significant mortality rate compared to the other diet
groups. No differences were found in long term mortality and overall mortality.
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Table 3 Survival data of experimental animals
Short term mortatity (<14 days) Long term mortality (> 14 days)
Amnimals A+B A B B
Group 1(n=20) 3 0 3 3
Group 2(n=26) 5 2 3 4
Group 3(n=21) 1 0 1 2
Group 4(n=23) 8 4 4 1

Statistical differences; + = in comparison to, Short term A+B, 344, =2

Weight

The mean percentual weight changes (weight/precperative weight) of ail experimental
animals (subgroups A & B) are shown in Figure 1. Initially the animals showed a weight
decline of 20-25% of the preoperative weight, but regained their preoperative weight at
10 weeks postoperatively. Weights differed significantly on day 7 (P <0.05; group 1 >

any other group).
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Fig.1. Weight changes in the adaptive phase following 80% small bowel resection. AMZ2, normal rat chow (group 1);
Nutrison, nom-identical diet fgroup 2); Pepti 2000, diet with partial hydralyzed protemns fgroup 3): Pepy 2000 N.H.,
iderrtical diet with intact prozeins fgroup 4).

On day 10 less differemces were found (P<0.05; group 3 < group 1 and group 3).
From day 14 on, there were no longer any differences.

Resulis of subgroup A; visualized in Figure 2 and Table 4A
Metabolic status

Metabolic results showed a significantdy higher food intake and fecal output in group 1
compared to group 4 values. In additon, group 2 had significantly more fecal output
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compared 1o group 4.

Serum analysis

Serum apalysis demonstrated significant decreases in cholesterol and protein
concentrations in group 1 compared to the other groups. In this group, the blood urea
level was significanely higher.

Postheparin DAQ assessment
Postheparin DAQO levels in animals fed the non-ideprical polymeric diet (group 2) were
significantly higher than in the other groups.

Histology

Iejunal findings. With regard to villus length there were no differences among groups.
Crypth depth, however, was significantly increased in group 1 and group 2 compared to
group 3 and group 4.

Heal findings. Villus length in group 3 was significaptly enlarged compared to any other
group. Crypt depth was significantly greater in group 1 compared 1o any other group and
crypih depth in group 2 was significantly increased compared to group 3 and group 4.

Cell proliferative activity

Jejunal findings. The percentage labeled cells was sigpificanily increased in group 2
compared to any other group.

Tleal findings. The percentzge labeled celis was significamtly increased in group 1 and
group 2 compared to group 3 and group 4.

Table 4A  Sermm amalysis of A animals

Group 1 2 3 4 P<0.05

AF (Units/1y* 185.9+119.5 227.04 86.6 281.4+168.9 233.6+ 536 NS

ALT (Units/)* 933+ 454  53.0% 163 78.1+ 485 179.74+2384 NS

AST (Units/D* 18134 97.5 129.1% 63.6 132.7+ 52.5 308.04+319.7 NS

ALB (g/M) 215+ 5.2 232+ 3.3 214+ 2.0 2034+ 2.5 NS

CHOL (mmel1) 0.I9+£0.08 0.94+0.25 0.71+ 0.31 0.91+ 0.33 2erl, 4owl Fer]
TRIG (mmol/1) 0.16% 0.0% 0.304 0.17 0.37+ 0.20 0.23% 0.12 NS

TP (g/N) 36.1£ 8.5 48.0+ 6.2 50.84-5.6 4434 5.1 3er], 2], 4er]

BUN (mmol) 16.5% 0.09 33+2.1 103+ 3.8 85+3.1 lerd, 12, 13
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Fig.2. Experimental findings 14 days after 30% small bowel resection. Abbreviations as for Fig. 1.
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Results of B animals; visualized in Figure 3 + Table 4B

Metabolic staius

Rats fed rat chow (group 1) had significantly increased food and water intake and faeces
and urine output compared 1o rats fed either the non-identical polymeric diet (group 2),
the diet with hydrolyzed proteins (group 3), or the identical diet with intact proteins
{group 4).

Serum analysis

Serum alanine aminotransferase concentration in group 2 was sigpificantly imcreased
compared to the other groups. In group 1, serom urea level was still significantly elevated
compared to the other groups.

Postheparin DAO assessment

At 3 weeks afier the resection, postheparin DAO activity was still signiﬁéanﬂy increased
in animals fed the non-identical pelymeric diet (group 2) compared to the other apimals.
At 6 and 10 weeks after the resection, no significant differences were found among each
group.

Histology
In jejunum as well as ileum thers were no sigpificant differences i villus length and
crypth depth between the experimental groups.

Cell proliferative activity
The percentage labeled cells in jejunum por flewm did not differ among each groups.

Table 4B Serum analysis of B animals

Group 1 2 3 q P<0.05

AF (Unus/1)* 1353+ 28.1 9514353 89.84+ 27.6 93.34+30.0 NS

ALT (Units/1)* 71.84 63.3 63.64 45.3 94.94 83.4 167+ 4.5 g

AST (Units/))* 175.64- 110 204.94+105.9 322.44251 120.8196 NS

ALB (g/1) 2414+ 3.6 2474 1.9 250+ 2.0 242425 NS

CHOL (mmol/l)  0.894 0.30 0.641 0.34 0.734+ 0.40 0.5310.20 NS

TRIG (mmol/1} 0.43+ 0.28 0.374+ 0.30 0.324 0.16 0.25+0.11 NS

TP (g1} 49.64 10.1 558+ 62 56.14 3.5 56.0% 4.4 NS

BUN {mmol} 9.6+ 1.8 75+ 1.9 7.8+ 1.1 73408 lend T2, 143

* = assayed at 37°C
- = I COmparison 1o
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Discussion

Awareness of the importance of diet composition and/or complexity on intestinal
adaptation after small bowel resection arose from a variety of smdies (8-14). To exclude
influences of nom-iscczloric feeding, we stdied diets containing similar isocaloric
amounts per 1000 Kcal Bruto Energy. With respect to the nitrogenous composition, rat
chow can be considered as a relative high-protein diet compared to the other tested diets,
which itself can resalt in growth differences (22).

This study demonstrates that rat chow (group 1) is superior to other diets in ephancing the
onset of the adaptive phase after near-total small bowel resection. Rats fed rat chow
already had significaptly less weight loss on the 7th postoperative day. The relatively high
protein content in the normal rat chow may be responsible for the observed weight loss.
Besides, this formula was the only diet containing dicacel, a partly soluble fiber. Nomn-
fermentable fiber is known as a2 major regulator of bowel function, increasing stool
weight and bowel freguency, and decreasing transit time. The importance of fermentable
fiber is most probably the ephancement of colomic zdaptation by fermentating fiber to
short chain fatty acids (23). In a smdy of enterectomized rats, infusion of Triglycerides
has been shown to mmprove jefunal and colonic adaptive growth (24). Because of the
possible role of the non-isonitrogenous composition of rat chow and/or colonic adaptation
in the rat chow group emphasis Will be put on the differences between the dier with
partizl hydrolyzed proteins {group 3), the idendcal diet with mtact proteins (group 4) and
the non-identical polymeric diet (group 2) to facilitate interpretating the test parameters of
the different groups.

The early adaptive response of animals fed the non-identical polymeric diet, as evidenced
by mortality, postheparic DAO activity and histology, was superior to both the the diet
with partial hydrolyzed proteins and the identical diet with intact proteins. The short term
mortality rate io andmals fed the non-identical polymeric diet was significantly lower than
in animals fed either the partial hydrolyzed or identical nonhydrolyzed diet. In the SBS
model used, the ocorrence of malnutrition was a major trigger for intestinal adaptation.
The additive effect of, for example non-identical polymeric feeding, may overcome the
lethality of the massive resection. Our weight data indicate that the resected amount is
indeed nezr total because some rats were unable to thrive and the remaiming animals,
although reaching their preoperative weight 10 weeks after resection, did not show further
weight gain. This observation implies that in this model, manipulaton with dietary
components like glutamine(25,26), aminoguznidine treatment (7) and growth factors (27)
should be evalnated in order to establisk whether they are able to ephance adaptation.
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The metabolic results show that amimals fed the non-identical polymeric diet had more
fecal output in the short term compared to animals fed the identical nonhydrolyzed diet.
However, the intake/ouiput percentage was similar among groups. These data, obtained at
week 2 and 10 respectively indicate that influences of non-pair feeding are probably
negligible.

Two weeks after resection, serum analysis revealed a similar resuits among animajs fed
partial hydrolyzed, identical nopbydrolyzed or non-idemtical polymeric diet. After 10
weeks, the activity of ALT in rats fed the identical nonhydrolyzed diet was significantly
decreased for wwknown reasons, compared to rats fed the non-identical polymeric diet.
However, no differences in serum protein and albumin levels, sensitive parameters of the
nutritive status, were found.

The activity of DAQ, an enzyme primarily found in the villus tip cells of the small
iptestine has been showsn to increase at least five fold after imtestina] resection (7).
Previous studies suggest that DAQ acts a5 a negative feedback modulator in adaptive
intestinal proliferation by producing undefined active metabolites and suppressing
putrescine content (7,28,28,30). Therefore, one may reason that the DAQ activity
correlates with the adaptive state of the intestine after resection. Two weeks after
resection, non-identical polymeric diet fed animals had significantdy increased Postheparin
DAQO activity compared to partial bydrolyzed or identical nonhydrolyzed diet fed animals
and they also showed imcreased jejumal amd ileal crypt cell proliferation in this group.
Thompson measured DAO activity throughout the gastroimtestinal tract and demonstrated
a decreasing proximodistal gradient (31). This may explain why no significant elevations
in DAQ activity were found in rat chow fed animals. These results suggest that colonic
adaptation in some way takes over the role of DAQ in regulating proliferative activity in
the smail intestine. Three wesks after resection, animals fed the non-identical polymeric
diet still bad significantly increased Postheparin DAO aciivity. However, 6§ and 10 weeks
after the resection, no more Jifferences were revealed between the groups. Long-term
analysis showed that DAQ activity remains sigmificantly elevated compared to non-
resected rats (previous umpublished smdies; control values 0.09 4+ 0.06, n=9). This
observation led us to speculate that massive resection leads to a state in which the
remaining intestine is contimuously triggered to nonfumctiomal hyperplasia, which is
prevented by diamine oxidase. Previous work performed in the same rat model (32), had
already shown that in the hyperplastic period three weeks after resection, impairment of
the electrical response to both ghucose and theophylline is present.

Two weeks after resection, histologic analysis showed markedly increased ileal villus
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length in animals fed the partial hydrolyzed diet compared to the other groups. These
findings support the hypothesis propounded by Toulouldan (20) that compensatory
changes found after feeding an elemental diet are the effect of 2 systemic stimulus, rather
than the result of increased load of mutrient.

In the early adaptive phase the non-identical polymeric diet is superior to the partial
hydrolyzed diet and the identical ronhydrolyzed diet in ephancing imtestinzl adaptation.
No differences were found between the partial hydrolyzed diet and the identical
nonlrydrolyzed diet, which provides an experimental base for a clinical trial In SBS
patients in which hydrolyzed are compared with nonhydrolyzed diets. Nomhydrolyzed
diets lead to less complications compared to hydrolyzed diets. In addition, these results
indicate that the role of diet composition is superior t the role of diet complexity on the
adaptive process after small-bowel resection. More research is necessary 1 unravel which
components in the nop-identical polymeric diet that differ from the ones in the partial
bydrolyzed and identical nophydrolyzed diet (Table 2), are effective in promoting
intestinal adaptation after resection.

In future studies it is important to address the question whether after near-total small
bowel resecton the observed adaptive capacity has already reached its limits or may even
be further epbanced. In summary, the common belief that feeding zn clemental diet is
better than 2 complex diet seems a fairy tale that tends to underestimate the effect of diet-
composition.
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L ONE-STEP TOTAL QORTHOTOCPIC SMALL-BOWEL
AUTOTRANSPLANTATION IN GROWING DOGS: ONE STEP TOO FAR ?

Perioperative events and functional evaluation

Abstract

Transplaptation of a functioning small intestine might be the treatment of choice for
children suffering from the short bowel syndrome. It is unciear, however, whether bowel
graft function is sufficiently preserved to maintain growth and development. This study
was undertaken to evaluate the role of total orthotopic small-bowel autotransplantation in
the treamnent of the short bowel syndrome in enterectomized Beagle puppies (16 weeks;
5-6 kg). Short bowel control animals {(n=3) bad 2 fast and dramatic weight loss and there
was no adaptation of therremaining bowel. Sham-operated animals (n=3) grew normally,
and in animals that underwent smali-bowel auiotransplantation (2=10) only a minor and
temporary weight loss was observed. Unformmnately, the mortality rate in this group was
extremely high (80%), so onlly two animals could be evalvated functionally. Studies on
fecal far excretion, in vivo electrophysiologic respomses, D-xylose absorption and brush
border enzyme activites were performed at severzl time points during three months
postoperatively. In short bowel control animals, fecal fat excretion was severely
increased, while transplanted animals had fecal fat excretion similar to that of sham-
operated animals. Determination of D-xylose absorption, in vive electrophysiologic
responses and brush border enzyme activities confirmed physiologic functioning of the
graft. These results suggest that the functon of an autotransplanted bowel is mot impaired
on the short term.
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Intreduction

Intestinal adaptation occurs afier massive small bowel loss from disease or surgery.
Gradually, varying from a few roonths to over one year, the remaining intestine adapts to
the loss of bowel and oral intake is gradually increased untjl intravenous alimentation can
be stopped. Unformunately, some of these patiemts never reach this stage and remain
totally dependent on total parenteral pumrition (TPN) (). Although long-term TPN
provided the first satisfactory treatment for the short bowel syndrome (SBS) (2), its
complications including metabolic, infectious and psychological aspects, form the main
reason to envision this therapy as a temporary solution (3,4). Non-adapting children
would be candidates for a SB graft. Although smail-bowel transplantation (SBT) is now
technically possible in man (5,6), physiologic anmalysis of the posttransplant gut is a
peglected area. This lack of kmowledge is even more obvious in view of the many
immunobiologic stmdies performed, and therefore the importance of physiologic studies
should be stressed (7). The intrinsic and extrinsic denervation and the lymphatic dramage
disruption alter the boweY's functional capacity at least temporarily after ransplantation. It
is of uumos: Imporiance ‘1o assess whether the effects of the wansplantation procedure
itself bear a temporarily character or whether transplanted gut has definitive altered
functional capacity, e.g. specific transport abnormalities. Our previous stndies showed
that adult dogs can survive long-term after a two-stage segmental allotrapsplantation. In
these experiments MHC-matched segmental ileal a2llografis were used, to determipe
whether for living-telated trapsplantation it has a potential role (8). The present study was
initiated to investigate Whether total orthotopic intestinal awntografis are able to mainizin
growth and development in puppies with surgically created SBS. Several tools were used
to assess the physiologic function of the graft. In vivo electrophysiologic measurements
were performed to determine cAMP-mediated chloride secretion and sodivm-dependent
active transport of carbohydrates and amimo acids. Furthermore, absorption of D-xylose
and fat was monitored and brush border enzyme activities were determined.

Materials and Methods

Animals

Sixteen Beagle puppies, weighing about five lalogram, were used (Harlan CPB, Zeist,
The Netheriands). To exclude differences in terms of growth only female dogs were used.
The bitches were divided into three groups: group 1, short bowel controls (n=3); group
2, sham-operated aminzls (n=3); and group 3, autotransplanted animals (n=10)}. Duing
the experimental period the apimals were housed in separate cages.
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Operative procedure

The premedication consisted of 2 ml thalamona} (0.05 mg fentanyl + 2.5 mg droperidol)
and 0.5 mg atropine, given intramuscularly. Thereafter, general endotracheal amesthesia
was introduced using pesdonal (20mge/ke) and 2 mixture of NO, O, and ethrane was used
as inmbation gas. During the operation, a Ringer-lactate infusion (30 mi/hr) and 0.1 mg
fentanyl were administered. In case of awtomansplantation, 25 ml rheomacrodex was given
at the end of the ischemic time, simultaneously with 2 ml calcium and 15 mi bicarbonate
solution. While finishing the operation, 0.04 mg narcap was administered and if necessary
another 5 ml bicarbopate was given. After the operation, exmbation tock place and the
dog awoke under 2 heating lamp.

Technique

Short bowel control group. Following midline incision, short bowel control animals were
created by resection of the totzl SB ie. from the ligament of Treiz to 5 cm proximally
from the ileccecal valve. Thereafter the proximal jejunum was reanzstomosed end-to-end
to the distal terminal ileum (Figure 1).

Sham-operated group. A sham operation was defined as a control operation without
Interrupting vascular, pevral and lymphatic supply. In these animals an antiperistaltic
Roux-Y loop was created about 20 cm proximally to the fleccecal valve. In detail, a
bowel part was heterotopically placed from approximately 20 to 43 cm from the ileocecal
valve. The proximaily tramsected part was exteriorized as a cutaneous ileostomy.
Gastrointestinal continuity was restored m an end-to-side fashion (Figore 1B). the loop
was created in order to collect biopsy specimens and to perform functional monitoring.

Awotransplant group. The small intestine was totally harvested from the ligament of
Treitz to 5 cm proximally from the ileocecal valve. After removal, the graft was perfused
with 40 cc heparinized saline (5 IU heparin/ml $.9% saline} at 20°C uatil the venous
effluent became clear and the graft white. We developed a transpiantation technique to
guarantee maximal bllod in- 2nd ou-flow as well as sufficient tghtness to prevent kinking
and torsion at the apastomosis site. This technigue consisted of anastomosing the superior
mesenteric artery and vein in an end-to-side fashion to the abdominal zorta and caval vein
respectively, and of fixation of nervous tissue and the lymphatic vessels to the periaortal
and pericaval tissue. Mean warm ischemic time was about 40 minutes. In this group a
distally sitzated Roux-Y loop was constructed as described above. Therafter, the graft was
proximally anastomosed with the host’s duodenum and distally with distai 5 cm of the
remaining terminal ileum (Figure 1C).
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Fig.-1. Schematic design of the sepsrate groups; A, Short bowel control group; B, Shemoperstion; C,
Autotransplantation.

Perioperative care

The perioperative care consisted of standard care given after all major abdominal surgery.
All animals received 250 mg neomycin twice daily on days -2 and -1 preoperatively. The
first five postoperative days 1.5 ml depomycin was given subcutanecusly. In addition, 2
X 500 IU heparin was given subcutapeously from day -2 umtil day 5 after the operation.
The animals were supporied with peremteral fluids for 2 days postoperatively and
gradually restored to normal kemnel diet (Puppipap, Hopefarms BV, Woerden, The
Netherlands). Urinary sodinm and potassium values were determined repeatedly during
the first several wecks after operation to detect severe electrolyte loss that might be
caused by the Roux-Y loop.

Evaluation
The general condition of the animals was observed daily.

Survival. After enterectomy animals were sacrificed if they lost more than 30% weight or
had a deteriorating physical condition.

Weight, Measured twice a week, always at 8.00 a.m.

Blood analvsis. Routine laboratory blood chemistry data ¢hemoglobin, leucocytes and
serum total protein, albumin, cholesterol, and triglyceride) were recorded at days -8, 10,
34, 62 and 97 postoperatively. Between 5 and 7 months postoperatively, serum levels of
NH,, vitamin B12, folic acid, vitamin A, vitamin E, calcium, and iron were determined.
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The D-xylose absorption test. The dogs were fasted overnight pricr to the xylose
challenge. D-xylose (0.5 gram/kg Body Weight) was dissolved i water and given orally
at days 57 and 92. Blood samples (in heparinized mbes) were collected before, and half
an-hour, 1 and 2 hours after the ingestion of xylose. A simplified xylose assay procedure
developed by Eberts et al (§) was used to obtain a xylose blood level time curve.

Fecal fat apaiysis. The method used, described in detail by Van de Kamer et al (10},
gives the amount of fat in feces and the relative proportion of fatty acids. Fecal fat
excretion was determined at day -8, 10, 34, 62 and 97 respectively.

Electrophvsiologic measurements. The Roux-Y loop was used for electrophysiologic
mezsurements in vivo on postoperative days 34, 62 and 97. The electrophysiclogic test
for intestinal transplant monitoring was carried out zs described earlier (11). Briefly, a
triple-lumen-double-balloon catheter was used to isolate 2 SB segment of 2.5 cm. A
peristaltic roller pump (Gilson, minipuls 3} secured comtimeous flow of test solution. The
segment was perfused with several iso-osmotic test solutions ([theophylline] = 5 mM,
[ghucose] = 30mM, [phepylalanine] ~ 30 mM) to determine transepithelial potential
differences (PD) relative to a standard solution. The electrophysiologic responses to
theophylline (evokes cAMP mediated chloride secretion), glacose (evokes sodiurn-coupled
active carbohydrate absorption) and phenylalanine (evokes sodium coupled active amino
acid absorption) are commonly accepted parameters to monitor SB function (12,13). The
test was performed under general endotracheal anesthesia and atropin was added to obtain
reproducible, accurate measurements.

Disaccharidase activities. The activity of lactase and maltase was determined during
operation by open biopsy and at fixed moments postoperatively (days 10, 34, 62 and 97)
by blind biopsies. The mucosal biopsies were spap-frozen in liquid ritrogen and stored
at -70°C. The method used is a2 modification of the assay imroduced by Dahiquist (14).
Briefly, the mucosal biopsy was weighed and homogenized using 0.2% Triton X-100 (0.2
ml/mg mucosal weight) and see sand. The mixture was incubated for 3¢ mimates at 4°C
and centrifuged at 10.000 g for 3 minutes. Thereafter, 16.7 pl homogenate (5 or 10 times
diluted with 0.2% Tritor for maltase activity) was added w0 25 gl of 2 0.025 M maltose
solution or a 0.05 M lactose solution (substrate dissolved in 0.15 M citrate buffer pH 5.6)
and incubated in a water bath at 37°C for differemt periods. The reaction was imterrupied
by adding 1 m! (1:20) glucose reagent (cortaining Tris, Merck 19700) and incubating for
zdditiopal 10 mimates at room temperature. Reading was performed at 25°C in a
spectrophotometer {Gilford 3500 computer directed analyzer, Oberlin, Okio USA) at 340
nm. The protein content of the homogenate was measured, using the method described by
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Watanabe et al (15). The disaccharidase activity was expressed in U/mg protein, in which
2 Unit was defined as the activity bydrolyzing 1 pmol of disaccharide per minute under
conditions used.

Histology. Biopsies from the Roux-Y loop were taken at approximately 5 ¢m from the
cutaneous stormas on days 0, 10, 34, 62 and 97 postoperatively. Tissue were fixed in
3.6% formaldehyde, dehydrated and embedded in paraffin. Subsequently, 4-5 pm sections
were stained with hematoxylin-azophloxin-safran.

Statistics
Results are given as mean + SD. Xylose absorption test data were calculated using area
under curve analysis. For statistical analysis, the study population was too small.

Results

Survival

The survival times of all experimental dogs are listed i Table 1.

The mean survival after enmterectomy (group 1) was 11.3 days. Animals with a sham
operation {group 2) survived indefinitely. Dogs undergoing a one-step orthotopic SB
autoransplantation in combination with 2 Roux-Y loop (group 3) showed 2 high mortality
rate. The technical failure due to vascular thromboses was 20% (2/10). These dogs died
from arterial thrombosis within 48 hours postoperatively. Two dogs were excluded from
overall analysis because of an overdose heparin. These dogs did not confribute to the
vascular-related failure rate as they survived beyond two days. The failure rate due to
other causes was 50% (4/8). One dog in group 3 died from peritonitis of uncertain origin
on day 2, another from invagination on day 5, a third from unknown causes on day 5 and
a fourth on day 14 due to cachexia and pnenmonia.

Weight

The weight data of the experimental animals are fllustrated I Figures 2A and 2B. The
amimals of group 1 (SBS control) showed a fast and dramatic weight loss as a reseit of the
near-iotal SB resection. The animals of group 2 (sham operation) grew normally and
recovered uneventful when these animals are compared with none-operated historical
controls (data supplied by Harlan CPB, Zeist). Surviving animals of group 3 (SBS + SB
autotransplantation) initially lost little weight, but subsequently meamifested z catch up
growth.
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Table 1 Postoperative survival time
Group Survival in days Cause of death
I, Short bowel control 10 SBS
10 SBS
14 SBS
@I, Sham operation >150 Alive and well
>150 Alive and well
>150 Alive and well
IO, Autotransplantation 2 Peritonitis
2 Arterial thrombosis
2 Arterial thrombosis
3 Hemorrhage {Overdose heparin)
4 Hemorrhage (Overdose heparin)
5 Unknown
§ Invagination
14 Cachexia/Prenpmonia
>150 Alive and well
>150 Alive and well
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Blood analysis

Biochemical parameters shown in Table 2A indicate that the geperal condition of the
apfmals in group 2 i similar to that in group 3. Table 2B shows that serum ammonia
levels differed: 53.0 = 5.4 in the sham-operated amimals, 78.2 + 3.2 in the
autotransplanted animals. Other serum values revealed po differences.

D-xylose absorption

Area-under-curve calculations revealed that total D-xylose absorption after sham operation
was not remarkably different from D-xylose absorption after autotransplantation at 57 and
92 days posttransplant (Figure 3A). Also, no differences were fourd between the 57 and
92 days posttransplant vaiues within each group.

Table 2 Blood anzlysis, putritional statms (Mean valoes = SID

2A: Values optained at several time poimts

+ Group Day+ -8 0 34 62 97

2 Hemoglobin 6.9+£0.4 7.140.5 7.840.1 74405 8.7+1.1

3 {mmol/1} 6.74+0.2 81103 78404 77103 9.0x0.6

2 Leucocytes 119417 5.841.8 71402 6.0+0.8 6.0+0.8

3 (%) 76424 64412 7.642.5 8.1+4+0.2 6.0+0.5

2 Total protein 543421 53.0+14 549434 53.841.2 57.842.9
3 (g} 56.242.0 56.2+1.3 54.940.4 54.4+3.5 53.443.0
2 Albuamin 28.14+0.6 27.0+1.0 27014 258107 29441.1
3 (&M 28.340.5 29.240.4 26.3+0.8 24.013.5 25.8+0.3
2 Cholesterol 3.2310.09 3.1340.57 3.76+0.84 3.6140.93 4.0240.7
3 (mmol/) 3.26+0.13 4.0740.20 3.3430.06 4.014028 3.60£0.1
2 Triglyceride 0.28+0.15 0.26+0.10 0.444+0.16 0.3140.29 0.31+0.06
3 {mmol/1) 0.3740.01 0.434+0.08 0.35+0.01 0.444-0.03 0.2640.02

2B: Values obtained between 5 and 7 months

Growp NEHS Vit B12 Folicadd VitA Vit E Ca Fe

+ {zmol/) {praold) {mmol/l) (pmol) {pmol) (mmol/Ty {prol/T}

2 53.04£5.4 241%137 213406 3201073 30.4342.93 2.82+0.08 25.1346.01
3 78.243.2 223450 232426 2234071 32.15£5.30 2.9410.03 24.9+8.49
Fecal fot analysis

Fecal fat excretion appeared to be a sensitive indicator of malabsorption as it was severely
increased in short bowel control animals (Figure 3B). Following sham operation or auto-
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twansplantation no decreased fat absorption was found at the typical time points.
However, one of the lopg-termn surviving zutotransplanted dogs developed several
episodes of enteritis, attended with weight loss and impaired fat absorption.

Electrophysiology

The results of the electrophysiologic meazsurements are depicted m Figuwre 3C. No
differences were found in stimulated PD responses (Glucose-evoked, Theophylline-evoked
and Phenylalanine-evoked) throughout the test period for group 2 and group 3. The
baseline PD measurements in group 2 were comparable at the several time poinis.
Compared to this group the baseline PD response in group 3 were lower at 34 and 62
days postoperatively but were not different anymore at 97 days.

Disaccharidase activities

Brush border enzyme activities are shown @ Figure 3D. In the sham-cperated anjmals,
activities of both maltase and lactase remained constant throughout the test period. In the
autotransplane group, stable enzyme activities were found as well. Comparing enzyme
activities between the groups showed no clear differences between group 2 and group 3.

Histology

The biopsies of both the sham-operated and autotransplanted animals showed intact villi
with no evidence of inflammation in the mucosa and submucosa at the regular time points
after grafting. Besides no signs of atrophy could be seen.

Discussion

For infants with SBS who are totally dependent on TPN, transplantztion of a fuactioning
small intestine muight be the best weamnent (16). There is litde experimental proof that
orthotopic bowel transplants may improve the morbidity and mortality rates of infants
suffering from the SBS (17-20). It is suggested that after bowel transplantation sufficient
functional capacity will remsin after SBT to permit nommal growth. However, until now,
all experimental research concerning SBT physiology in large animals has been performed
in adult recipients. These results canmot simply be wranslated to imamatore recipients and
therefore supplementary research is necessary. The present stady was undertaken to
evaluate the technical and functional feasibility of a ome-step total orthotopic
trapsplantation in the treatment of the SBS in young asimals.

It has been learned from clinical and experimental experience that the adaptation capacity
following zmajor bowel resection is epormous (21,22). To exclude the possibility that a
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puppy after near total erterectorny thrives on its remaining bowel, we included a short
bowel control group. Suck a control group is often omirted [19]. From the results of
group 1 (SBS control), it can be concluded that the model used was suitable for the aim
of the soady, as the animals had irreversible weight loss and persistent diarrhea, despite
adequate intake of food and water. Group 2 {sham operation) was included to moritor the
effect of creating a2 Roux-Y loop without interrupting the vascular, nenral and lymphatic
supply. The two surviving dogs in group 3 (SBS + SB autotransplantation) demonstrate
that the SBS in a growing animal can be succesfully treated with a total orthotopic SB
amotransplant.

Weight, being a "sensitive” marker of the mutritive status, was gained normally after
autotransplantation.

Comparing blood parameters between group 2 and 3, only ammonia levels were markedly
increased in autotransplanted animals. Several rat studies (23} and a piglet study (24) have
already shown that venous drainage into the systemic circulation produces abnormalities
in ammonia and amino aeid levels. Our study underlives that ammonia levels will rise
after altering the anatomy of the portal vascular system. However, no major argument to
avoid systemic drainage can be given as dietary manipniations are likely able to correct
metabolic dismurbances found.

The D-xylose absorption test has been widely used as a pivotal test to evaluate small
intestinal function in both adults and children (25). Although the pathway of D-xylose
uptake has pot yet been elucidated, it is clear that the assessment of D-xylose absorption
reflects jejunal mucosal integrity. Our results showed unaltersd D-xylose absorption after
autotransplantation, indicating that the transplantation procedure itself did not influence its
absorption, suggesting a normal jejunal function.

Another functional test, mainly challenging the ileum, is the determination of fat
absorption. Schraut and colieagues reported that a high level of fecal fat excretiom is
geperally found in adult recipients of allografis or isografts (19). This impaired fat
absorption was assumed to be czused by denervation and interruption of the lymphatic
systemn. Raju et al (26), using adult dogs, evaluated long-term nutritional function of
orthotopic SB autotransplantarion and found depressed D-xylose and fat absorption as late
as 12 months after surgery. We also detected impaired fat absorption in the short bowel
control group. Surprisingly, nc impaired fat absorption was found in the puppies after
autotransplantation during periods of clinjcal health. The fact that one of the long-term
surviving autotransplanted dogs developed several episodes of enteritis, during which
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increased fecal far excretion was found, might pose a serious problem. This finding may
suggest that, although the recipient can nutritionally be supported entirely by its intestinal
graft, recurring periods of infection and dysfunction in the long-ran cannot be excladed.

The electrophysiclogic responses after autografting were comparable to those after sham
operation at any time point. This finding suggests that the autotransplantation procedure
did not disturb specific sodium-coupled active transport of carbohydrates and amino acids
and cAMP mediated chloride secreton. Thus, the SB capacity of both absorption and
secretion of fluid and electrolytes, which facilitates the solubilization and absorption of
ingested macro- and micronutrients, remained unaffected. The lowered base-line PD
values after autografting during the first three months may be related to the effects of
denervation. Lear et al (27) demonstrated enbanced chloride secretion in both isografis
angd aflografts, which was identified as active secretion of chloride from the crypt as a
result of lost autonomic control. In our stidy, the reduced base-line PD values also may
have been due to increased secretory activity of the crypis. In additon, theophyliine-
evoked respomses were not any differemt following denmervation. Therefore, it cam be
postulated that the chloride secretion caused by denervation is non cAMP linked.
Malmfors and associates (28) showed that peptidergic nerves, storing substance P, VIP,
enkephalin and somatostatin, are mntrinsic in a piglet model of jejunal autotransplantation,
whereas adrenergic nerves were extrinsic. Other results indicate that denervation has no
effect on serotomin secreting cells (28). We propose that the imcreased secretory fhux
found in the early postoperative period may be the resultant of am imbalance between
endogenous secretagogues {(e.g., acetylcholine, serotonin, substance P) and anti-
secretagogues {e.g., somatostatin, enkephalin).

Our elecirophysiologic results suggest that the functonal condition of the heterotopically
placed Roux-Y ioop is not considerably diminished in the recorded time period and thus
atrophy is unlikely. This finding was confirmed by determination of brush border enzyme
activities and histologic momitoring of the graft.

The reasons for performing a one-stage total orthotopic autotransplangation wers to
gvaluate whether this procedure was technically feasible and, if so, whether near normal
growth and development could be established. Our results show that a one-step total
orthotopic SB autotransplantation in puppies is technically feasible, although the early
postoperative mortality rate is umacceptably high. Most canine stedies report a high
incidence of thrombotic complications, most probably caused by low blood flow due to
graft edema (30-32). We found 2 vascular fajlure rate of 20% (2/10), which is acceptable.
In young amimals, disturbamce of the water and electrolyte homeostasis, emhanced by
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depervation, greatly contributes to the outcome. Other contributing factors inciude
bacterial translocation, which results in sepsis, paralysis, invagipation and intestinal
obstruction. In our model, the mortality rate due to other causes is 50% (4/8). Therefore,
we postulate that 2 one-step transplantation procedure, as described above, is fraught with
an ioordinate mortality of 75% (6/8) for a growing dog. In the near fatre, we will
mvestigate the role of 2 rwo-stage segmental allotransplamtation in achieving lower
morbidity and mortality rates of enterectomized puppies.
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5.2 LONG-TERM ANALYSIS OF THE FUNCTIONAL, MORPROLOGIC,
AND BACTERIOLOGIC STATUS OF THE SMALL INTESTINE
FOLLOWING AUTOTRANSPLANTATION IN GROWING DOGS

Abstract

Many candidates for small-bowel wtansplantation are children, who need enough
functional intestine 1o grow and develop pormally. Cur aim, therefore, was to evaluate
the long-term non-rmmunologic effects of the small intestine on function, morphology and
quantitative bacterial counts in subsets of the gastroimtestinal tract after one-step small-
bowel autotransplaniaton (a=10, only 2 dogs survived long-term due to technical- and
management related complications) or sham operation (n=3) in a growing amimal. To
monitor graft function animals were weighed and serum parameters were determined; we
also performed D-xylose absorption testing, fecal fat analysis and intestipal tramsit time
studies, After sacrifice {1 year after the operation) disaccharidase activities wers
determined. Morphologic and bactertal studies were alsc performed after death.
Comparing data of sham-operated and autotransplanted animals, increased maitase activity
in both jejunuzm and terminal fleum and increased villus height in both dvodenurn and
fleum was found following autotransplantation. The bacterial coumts (log,, CFU/gram
tissue + SD) showed aerobic overgrowth following autotransplantation in terminal ilenm
(7.004-1.00 vs 6.00 +0.13) and ascending colon (7.72+0.66 vs 5.33 +0.04) compared
to sham operation. These resuits suggest that autotransplantation, in a growing amimal,
leads to adaptive functional and morphologic changes, and to elevated aerobic bacteria
counts in distally situated parts. This overgrowth did not lead to secondary impaired
function In these growing animals.
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Introduction

Small-bowel transplantation (SBT) is copsidered an exciting new feld i trausplant
surgery and impmunology and the worldwide imterest is still increasing. The current
clinical experience demonstrates the inkerent feasibility and practibility of SBT in humans
(1,2,3). Among the functions of the intestinal gxaft that has to be preserved in the long-
term after SBT are motor-, hormopal-, immunologic- and mrritional- componesnts,
Several studies have been performed to evaluate the lopg-term consequences of SBT on
various aspects of graft physiology. Thompson et al reported long-term evaluation after
SBT up to 20 months in adult dogs that had received an autotransplant {(4). They showed
that the effects of iotal extrinsic demervation are permanent and resulted in bacterial
overgrowth and evenmzl disturbance of stool fat excreticn. In addition, no intrimsic
dependent gut functions were disturbed. Raju et al performed similar studies in adult
autografied dogs (5). They found persistently increased fat excretion and D-xylose
absorption for 12 months. This study learned that systemic venous drainage of the graft
shows more severe funciional abnormalities than physiologic portal venous drainage. In
other investigations the :transplantation procedure itself resulted in irapaired motility,
which may explain the bacterial overgrowth (6,7).

Although many swdies have addressed the effect of SBT on gastrointestinal funcdon, Lrtle
work has been done to evaluate the effect on intestinal morphology. In adult dogs normal
villus height was found in both jejunum and ilesmn 12 to 18 months after
autotransplantation (4). Whether intestinal morphology is unaltered alomg the entire
gastrointestinal @act is uvoknown. This issue is important because quanfitative
morphometric apalysis may parallel the functonal condition of the graft. Moreover,
segmental allotransplantation most likely involves adaptive changes in both fumction and
morphology to overcome the "shortened” gut.

Many candidates for SBT are children having rreversible small intestinal failure. SBT is
widely considered as the best method to treat the short bowel syndrome. In our opinion it
must be demonstrated that these grafts are functonally as well as histologically preserved
before SBT can be proposed as a practical option. Our aim, therefore, was to evaluate the
long-term effects on Intestinal function as well as on morphology and quantirative
bacterial counts in well-Gefined parts of the gastrointestinal tract in a growing animal after
autotransplantation.

To establish graft function in the long tun growth and serum parameters were stadied;
and we also performed in vivo D-xylose absorption testing, fecal fat amalysis, and
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intestinal transit time studies. One year after the operation the animals were sacrificed and
disaccharidase activities were determined.

Materials and Methods

Animals

Female Beagle puppies, weighing 5-6 kilogram, were purchased from Harlan CPB, the
Netherlands. They were maintained In separate cages umder conventional conditions in
accordance with the guidelines on care of laboratory animals.

Experimental design

Two groups of animals were studied: dogs that underwent a sham operaton (Group 1;
n=3) and dogs that underwent a one-step orthotopic small-bowel (SB) autotransplantation
(Group 2; n=10). The surgical technique has been described in detail in paragraph 5.1.
Enteritis during the experimental period could be successfully treated with 2.5 mi
Depomycin subcutaneously for 5 days.

In group 2, only two animals survived the major operation and could be evaluated in the
long mun. During lifetime the following functional parameters were used to determing
graft funcrion: blood amalysis, D-xylose absorption testing, fecal fat analysis and intestinal
transit tme.

The dogs were sacrificed one year after surgery with an overdose barbiturate, Just before
sacrifice, the animals were heparinized with 5000 IU heparin for epabling biocod
collection. After death, samples for functional-, histologic-, and bactericlogic studies were
collected.

Functional evaluation
Weight. Measured twice a week during the experimental period.

Between 11-12 months after the operation the following parameters were studied:

Blood apalysis. The following routine laboratory blood chemistry data were determined:
hemoglobin, leukocytes, serum total protein, albumin, cholesterof, wiglyceride, alkaline
phosphatase; AF, alanine aminotransferase; ALT, aspartate ammotransferase; AST, blood
urea nitrogen; BUN, Creatimine; Crea and total bilircbin; TBIL. Additiopally, serum
levels of vitamin By, ammonia, folic acid, vitamin A, vitamin E, calcium, iron were
determined.
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D-xvlose absorption test. Food was withheld 12 hours before performing the test. D-
xylose (0.5 gram/kg body weight) dissolved in water was prepared as test solution. Blood
samples (in heparinized tubes) were collecied before, and 0.5, 1 ané 2 hours after oral
administration. A D-xylose blood level time curve was obtained using the method
described by Eberts et al (8).

Fecal fat apalysis . The method used has been described in detail by Van de Kamer et al
9.

Small-intestinal transit time smdv, Dogs were fasted overnight. Orogastric intubation was
performoed using a sterile 18CH levin stomach tube (Argyle, Sherwood/Ireland). After
confirming that the trachea bad not been intubated, using transillumination, 120 cc
barium-suifate containing solution (Micropaque mixed with water; 1: 1.5} was brought
into the stomach. Lateral radiographs were then takenm every fifteen muiputes using a
Sirescop 3 (Siemens), and the intestinal transit time was determined.

Harvesting for histologic, bacteriologic, and disaccharidase activity studies;

The exact sites of collection are schematically given in Figure 1A and Figure 1B.

In Figure 1A the sites of the gastrointestinal tract from which specimens were tzken are
defined: from the duodenum (25 cm proximal to the ligament of Treitz)!, the jejunum (8
cm distal to the ligement of Treitz)?, the middie small-bowel (50 cm distal to the Ligament
of Treitz)?, the ileum (50 cm proximal to the ileccecal valve), the terminal eum (3 cum
proximal to the fleocecal valve)® and the ascending colon {25 cm distal to the Heocecal
valve)®, In Figure 1B the sites of the Roux-Y from which material was collected (R-Y I 7o
R-Y 4) are defined.

Harvestine for disaccharidase activitv assessment. After death, material for disaccharidase
activity determination was collected from sites 2, 4 and 5 of the gastromtestinal tract and
from R-¥YI1toRY4

Harvesting for histologic assessment. For histologic purposes specimens of heart, lung,
spieen, liver and mesenteric lymph node were harvested. From the gastrointestinal tract
specimens were taken from sites 2, 3, 4, 5 and 6. From the Roux-Y specimens were
taken from sites R-Y I 70 R-¥ 4.

Harvesting for gquantitative bactericlogic studies. After death, the thoracic cavity was
opeped 10 obtain 2.5 ml of blood by cardiac puncture and to harvest a piece of lung
tissue. Subsequently, the abdominal cavity was opened and 2.5 ml of portal and inferior
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caval vein blood was collected. Moreover, pieces of liver, spleen and mesenteric lymph
node were harvested. From the gasiroiniestinal tract specimens were taken from sites 2,
3, 4, 5 and 6. From the Roux-Y a specimen was taken from R-Y 3.

7.5 cm 1 cm

R-Y 2 R~Y 1

Fig.1. Specimen colfection for g Tt ional, morphologic and bacterial status (defined in lext): A, sites of
gastrointestnal tract; B, sites of Roux-Y.

Specimen processing
Disaccharidase activity. Disaccharidase activity was determmed as described in detail in
paragraph 5.1 (10).

Histology. The specimens that were collected for bistology were fixed in 3.6% buffered
formalin, dehydrated, and embedded in paraffin. Longitudinally cet sections of 4-5 um
were then stained with hematoxylin-azopbloxin-safran. They were examined by
standardized projection on 2 screen through a light microscope.

Bacteriglogy. Blood samples (1 ml} were cultured in Thioglycolate-Broth (10 ml) and
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Brain-Heart Infusion Broth respectively. After an incubation time of 24-48 hr, 100 ul of
broth was plated on blood agar, chocolate agar and fastidious anaerobe agar. The plates
were examined after 24 and 48 h of incubation at 37°C. A blood sample was considered
positive if any growth was found. Fecal samples (1 gram) were suspended in sterilized
saline (9 ml), and subsequently dituted by a factor of 10, 10%, 10°, 10* and 10°. Hundred
¢l was plated on blood agar and McConkey agar. Plates were inspected after 18-24 b of
incubation at 37°C and the CFUs were counted. Data were reported as CFU/gm feces £
standard deviation (SD).

Tissue specimens were weighed and diluted 10 timnes with sterilized saline. The
suspension was thoroughly homogenized, whereafter 10C ul of the homogenate was plated
on blood ager and McConkey agar. Following an incubation time of 18-24 b, the number
of bacteria per tissue specimen was calculated after counting the mumber of viable
colonies.

Selected colonies, obtained from blood-, fecal- and tissue samples, were subsequently
identified using standard ‘aerobic (BBL gaspak CO,-, AP,E-, Titertek Non-Fermenter-
and Titertek-Enterobacteriaceae automated system) and anaerobic (BBL gaspak anaerobic
system) identification methods.

Stazistical analysis
Statistical analysis was not performed as the study population was too small.

Results

Weight

Ol e e s e
10 1% 20 25 30 3s <0 45 50 % BR
operation time

age in weeks

= Shgm-mean Sham +/- SO + Auto~mean ALY «/— SO
Fig.2. Werght curves after performing sharroperstion or autewransplantation.
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Figare 2 shows that dogs that underwent a sham operation grew normally during the
observaton period when compared with non-operated historic controls (data not shown).
In the first postoperative weeks, dogs that underwent 2 ome-step tomal orthotopic SB
autotrapsplantation showed a minor and temporarily weight loss. Subsequently a catch up
growth zpproaching the weight curve of sham operated animals was observed. In the first
postoperative months, however, autotramsplanted dogs devefoped several enteritis-like
episodes attended by diarrbea and weight loss. Such episodes were po longer observed
from six months postoperatively and in the long mum the weights of autotrapsplanted
amimals were equal to data of sham-operated animals. Apart from the first postoperative
weeks and the infectious periods, stool consistency was normal.

Blood analysis
Blood parameters are shown in Table 1. The mutritional parameters indicate that the
general condition of the animals after sham operation is comparable 1o the condition of
animals after autotransplantation. In amtotransplanted animals serum ammonia levels were
increased compared to sham-operated animals (75.8 £+ 8.1 vs 37.% + 16.9) 12 months
postoperatively.

Table 1 Blood amalysis, nutritional status (Mean values & SIY

Values obtained ope year postiransplant
Parameter Group 1 Group 2
Hemoglobin (mmol/1) 10.3 +£ 0.3 103 £02
Leukocytes (10°/1) 6.1 +14 74 +1.3
Total Protein (g/1) 574 27 63.8 + 1.0
Albumin (g/T) 282 £2.6 295 £035
Cholesterol {mmol/) 4.5 + 07 56 14
Trglyceride {mmol/1) 0.24 4+ 0.03 0.33 +0.01
AF (Units/1, 37°C) 3.7 £74 251 £ 20
ALT (Unitsl, 37°C) 345 114 55.2 L 416
AST (Ugits/L, 37°C) 144 +2.7 185 + 1.3
BUN {rnmol) 4.1 + 0.7 51 £10
CREA, {zmol/) 72.0 £2.0 750 + 4.0
TBIL (zmol/) 3.2 +£035 3.9 +£08
Vit B12 (pmol/T) 233 +88 246 + 135
NH3 (pamoldd) 379 4+ 168 758 +8.1
Folic acid (nmol/l) 243 +2.1 262 4+ 2.4
Vit A ( pmol) 2.80 +0.74 2.60 +0.73
Vit E (zmol) 393 £4.22 475 + 175
Ca (mmol/l) 277 + 006 2.85 +0.04
Fe (pmol/l) 27.12 £ 4.02 301 + 12,0

D-xylose absorption test

The D-xylose absorption test results, obtazined ope year posttransplant, are shown in
Figure 3A. Arcz-under-curve calculations indicated that total D-xylose zbsorption after
sham operation {350.6 + 95.0) is similar to that after autotransplamtation (394.3 *+
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146.2). Moreover, comparing these results with values obtained on the short term (data
given in paragraph 5.1}, no aiterations were found.

D—-Xylose test

1 Year postoperative

3B

Fat absorption

=-Shem “+Auto
Taams i pearAStedatnd mamal/l ¥ my
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Fig-3.

Functional evaluation after performing sh

peration or autctransplantation. Data are expressed 95 mean = SD.
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Fecal far analysis
The results of fecal fat excretion are depicted in Figure 3B. Ope year afier the operation
10 elevated fat excretion could be detected in either group.

Small-intestingl transit time study
The intestinal transit tme was similar in both groups (visualized in Figure 4).

Fg.4. Intestingl tronsit time study: 4A, before Barium-sulfate solution was brought into stomach; 48, stomach filled
with Bariumesuifate solution (t=0 hours); 4C, barium-sulfate solution present in the small intestine ft= 15 minutes): 4D,
Barium-sulfate solution present in colon (t=2 hours).
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Disaccharidase activities (Maltase and Lactase)

Data of maltase and lactase activities are shown in Figure 3C. In well-defined parts of the
gastrointestinal tract lactase emzyme activities of aulotransplanted animals were
comparable to those in sham-operated anmimals. Maltase activities of automansplanted
animals were increased as compared to sham-operated amimals, both in jejumurn and
terminal fleurm.

Histology

At the macroscopic level, no obvious differences between dogs in group 1 and group 2
could be democnstrated. In autotransplanted amimals, bowel-lengths measured from the
ileocecal vaive 1o the transection point and from the ligament of Treftz to the transection
point were markedly increased as compared to preoperative lengths (from 5.0 + 0 to 17
+ 4 and from 1.0 + 0 to 19 <+ 2 centimeters}.

Microscopic analysis is depicted in Figure 3D. After awtotransplantation obvious focreases
in villus size were seen in the duodenum as well as the ileum one year after the operation
compared 1o sham operation. N¢ other major changes in intestinal morphology were seen.

Quantitative bacteriologic studies

The bacteriologic data are shown in Table 2. The pumbers of aerobic bacteria found in
the ascending colon and the terminal ileum were markedly elevated. The bacteria most
frequently identified were Micrococcus- , Pasteurella-, and hemolytic and other E coli
species.

Table 2 Bacterial commis; results given im log,, CEU/gram tissue + S
Tissue Group 1 Group 2
lung none nong

liver none none

spleen none none

MLN none none

portal blood none none

caval blood none none

cardiac blood none none
jejuourm 5.25 + 2.33 6.24 4 0.72
denm 6.12 + 0.71 559 1+ 0.16
mid jejumum/ileum 530 4 2.26 5.90 4 0.23
terminal lewm 6.00 & 0.13 7.00 + 1.00
Roux-Y none 6.49 +0.65
colon 5.33 + 0.04 7.72 +0.66
Discussion

Although it is becoming increasingly clear that transplanting of the small intestine has
shown its inherent feasibility the postoperative course is extremely difficult. It is often
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complicated by problems such as graft-versus-host disease, rejection and sepsis (11). In
the present amimal model we circumvented rejection by performing 2 one-step total
orthotopic SB awtotransplantation and were thus able to smdy the long-term non-
immunologic effects of SBT on function, morphelogy and bacteriology of the intestine
2 growing animal.

Weicht anzlysis, sensitively reflecting the overall nutritional status, showed that no
sigmficant effect on weight could be found in autotransplanted animals compared 1o sham-
operated apimals. This observation was supported by amalysis of nutritional parameters
one year postoperatively. Again, no significant alterations were demonsirated, indicating
that a normal nutritional balance is maintained after autotransplantation.

In agreement with other studies elevated ammonia levels were present following systemic
venous drainage of an imiestinal graft (12,13). This physiologic consequence, alrcady
occurring within three months (Chapter 2), may have implications for the diet after
wansplantztion.

We found that growing autotransplanted animals had normal D-xylose and fat absorption
one year after the operation despite the presence of bacterial overgrowth. Cthers (4,5)
have reported depressed D-xylose and fat absorption for the 12-month period after
transplantation. A major difference with our study is their use of adult animals. The
adaptive functonzl reserve of the intestine of a growing animal may well prevent the
development of functional abnormalities following extrinsic depervation. This statement is
supported by our data on morphology and disaccharidase activities of autotransplanted
intestine. Omne year after autotransplantation, increased duodepal as well as ileal villus
height was observed and the overall bowel length was markedly increased. In addition,
increased maltase activity in jejunum as well as terminal deum was detected.

One explapation is that denervation itself is able to exert wophic influences on the
morpholegy and specific functional characteristics of the intestine. There is evidence that
the myenteric plexus regulates cell proliferztion and cell growth in the rat jejumum (14).
Furthermore, the segments contained higher levels of sucrase activity (U/mg protein).

Another explanation for the morphologic and functional adaptive changes, at least in the
distal part of the gastroimtestinal tract, may be that it compensates for malabsorption
related 1o bacterial overgrowth, This is in agreement with the results of Thompson et al
(4), who found unaltered morphology in associztion with impaired absorptive function of
the ntestine in adult animals.
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Moreover, an altered ecologic balance of the gt flora following SBT is one of the factors
that might promote sepsis. The alteration in microfiora may be caused by ischemic injury,
Iymphatic and neural distuption, systemic venous drainage, immunologic components, and
use of amtibiotics (15). Browne et al found that even SBT alore leads 1o Gram-negative
aerobic overgrowth in the distal small-bowel as well as in the ascending colon in a rat
model three weeks postransplant {i6). Moreover, it was found that addition of
cyclosporine in isografis facilitated transiocation of bacteria from the gut to the mesenteric
Iymph nodes. So, the addition of cyclosporine therapy may be the critical factor which
predisposes patients to sepsis following SBT, even in the absence of rejection.

This sy shows that infectious complications after SBT can be documented in the first
postoperative months. Determining the mumber of fecal bacteria during such infectious
episodes revealed "abnormal flora", which was defined as >10° organisms/gram feces.
This phenomenon is most probably caused by alierations in bacterial gut homeostasis as a
result of the surgical procedure jtself. From six months on, there were no more clinical
signs of bacterial overgrowth. At autopsy, however, we found elevated aerobic bacteria
counts in the terminal ilevm and ascending colon after autotransplantation. The hypothesis
that the detected bacterial overgrowth was duoe 10 2 transplant with discodrdinated motor
complexes is unlikely because a normal intestinal transit time was found. Cur findings
suggest that although bacterial overgrowth is presemt in the distal part of the
gastrointestinal tract one year after autotransplantation in a growing animal, this has no
clinical importance in the long run.

Acknowledgements

The anthors wish 1o thank Miss Wiebeke v Leeuwen, Department of Radiology, Erasmus Upiversity, for
help with the intestinal trapsit time studies, Mr John Kong A San and Mr Pier Kreeft for analyzing the
bacteriologic samples and the staff of the Laboratory for Experimental Surgery for biotechnical assistance.

References

1. Mc Alister V, Wall W, Ghen: C, Zhong R, Duff J and Grant D. Successful soall intestine
transplantation. Transplara Proc 1992; 24: 1236.

2. Goulet O, Revillon Y, Canioni D, Jan D, Brousse N, Sadowar Clomb V, Beringer A, Hubert P, De

Potter S, Fischer A, Mougenot JF, Cerf-Benssussap N znd Ricour C. Two and one-half-year
follow-up after isolated cadaveric small bowel transplantation in an infamt. Transplanr Proc 1992;

24: 1224,

3. Starzl TE, Todo 8, Tzakis A and Murase N. Multivisceral and intestinal transplantation. Transplant
Proc 1992; 24: 1217.

4. Thompson JS, Rose 5G, Spasta AD and Quigley EMM. The long-term effect of jejunoilea]
autotranplantation on intestinal function. Swrgery I1992; 111: 62.

5. Raju S, Fujiwara H, Grogan JB and Achord JC. Long-term nutritional functon of orthotopic small

bowel autotransplantation. J Surg Res 1992; 46: 142.



Long-term evaluation 105

s.

19.
1.
12.

4.

16.

Sarr MG, Duenes JA and Tanzka M. A model of jejunoileal in vivo nevral isolation of the entire
jejumoilenm: transplantation and the effects on intestival morility. J Surg Res 1989; 47: 266.

Vane DW, Grosfeld JL, Moore W, Abu-Dalu K and Hurwiiz A. Impaired bowel motility following
small intestinal wansplantation. J Surg Res 1989; 47: 288.

Eberts JJ, Sample RHB, Glick MR and Ellis GH. A simplified, colorimerric method for xylose in
serum or urine, with phloroglucinol. Clin Chem £979; 25: 1440,

Van de Kamer JH, ten Bokkel Buinink H and Weyers HA. Rapid method for the determination of
fat in feces. J Biol Chem 1949; 177: 347.

Dablquist A. Assay of intestinal disaccharidases. Anal Biochem 1968; 22: 99.

Schrawt WH. Current status of small bowel transplantation. Gastroenterology 1988; 94: 525,
Schraws WH, Abmham VS and Lee KKW. Portal versus caval venous drainage of small bowel
allografts: technical and metabolic consequences. Surgery 1986; 99: 193,

Lee KKW and Schraut WH. Metabolic effects of systemic vepous draimage in smali-bowel
trapsplantation. In: Delrz E, Thiede A, and Hamelmann H, eds. Small-Bowel transplantation
Experimental and dlinical fundamentals. Berlin: Springer-Veriag, 1986: 19.

See NA, Epstein MI,, Dahl JL and Bass P. The myenteric plexus regulates cell growth in rat
jejunum. J Aut Nerv Sys 1999; 31: 219

Gramt D, Hurfbut D, Zhong R, Wang P, Chen H, Garcia B, Behme R, Sdller C and Duff J.
Intestinal permeability and bacterial translocation following small bowel ansplanzation in the rai.
Transplantation 1$91; 52: 22].

Browne BJ, Johason CP, Edmiston CE, Hlava MA, Moore GH, Rozz AM and Telford GA. Small
bowel transplantation promotes bacterial overgrowth and translocation. J Surg Res 1991; 51: 512.






Ultrasonography; a useful tool in the
follow-up of small-bowel transplantation

Surgical Research Communications 1994; 15: 183-197.






Ultrasoncgraphy 109

ULTRASCNOGRAPHY; A USEFUL TOOL IN THE FOLLCW-UP OF
SMALI-BOWEL TRANSPLANTATION

Abstract

This study was undertaken to determine whether ultrasonography is a valuable tool for
monitoring the postoperative course after performing small-bowel transplantation in
growing dogs.

First, we report witrasonographic features of normal camipe bowel using a 7.5 MHz
transducer. Secondly, in dogs that received an isoperistaltic Roux-Y loop, after sham
operation or autotransplantation, ultrasound was used to assess signs of atrophy ome year
postoperatively. And thirdly, we performed sonography in seven growing dogs after two-
stage segrental small-bowe] allotransplantation to evaluate the postoperative course.

In normal canine bowel: it appeared technically feasible to distinguish mupcosz and
muscularis by ultrasound. Long-term ultrasound studies of a Roux-Y loop demonstrated
mild to moderate zivophy in segmenis close to the intestinal continuity, but not in
segienis close to the ileostomy. Monitoring the postoperative course of two-stage
segmental small-bowel allotransplantation, early complications, including intussusception,
thrombosis, and postoperative ileus, were noted. Moreover, in one case rejection-related
mucosal atrophy was clearly demonstrated by ultrasound.

We conclude that ultrasonography is useful in monitoring early complications of small-
bowel transplantation and therefore we propagate using ultrasound zs part of the
multidisciplinary support.
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Introduction

In patients with extensive small-bowel (SB) resection, wansplantation of the small
intestine would be the best treatment modality and is the only alternative to permanent
Total Parenteral Nutrition (TPN) (1,2,3).

Technically, small-bowel transplactation (SBT) in human is now feasible (4,5), but
rejection, graft-versus-hosi-disease (GVHD) and infectious complications are key
problems that should be overcome in the postoperative period (4-7). In this rather stormy
postoperative period, intensive multidisciplinary support and monitoring is necessary to
identify and resolve postoperative complications. Bach recently described the radiologic
findings in five patienis after orthotopic SBT (8). He concluded that radiology had limited
value in menitoring rejection, but helped to detect or exclude technical complications such
as perforations and anastornotic leaks.

In this study, we investigated the valuoe of ulirasonography in the follow-up of SB grafting
in Beagle puppies.

Materials and methods

Animals and experimental groups
In total twenty bealthy Beagle puppies (Harlan CPB, Zeist, The Netherlands), weighing 5-

A sham operation was performed in 3 animals and a ope-siep orthotopic SB
autotransplantation in 10 animels as described in detail in paragraph 5.1.

A two-stage segmental SB allotransplantation was performed in another 7 animals. In the
first stage, 2 heterotopic SBT was performed in which the recipient’s own bowel was stiil
intact. The waosplant (1 meter) was harvested on a vascular pedicle, consisting of both
superior mesemieric artery (with sortic cuff) and veln, from a fully Major
Histocompatibility Complex (MHC)-matched donor. The graft was revascularized by
apastomosis of the mesenteric vessels w the abdominal aorta and caval vein in an end-to-
side fashion. The distal end of the graft was constructed as an isoperistaltic Roux-Y loop
in continuity with the recipient’s terminal ileum about 5 cm proximaily to the ileocecal
velve, and the proximal end was exteriorized as open ileostomy. After several weeks
emterectomy took place and the transplant was placed in continuity in an end-to-end
fashion (Figare 1). These animals received Cyclosporine (10 mg/kg/d im. at day -1 tvm
+7 and 20 mg/kg/d orally afterwards) until the end of the experimental period.
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Fig.-1. Schematc design of tweo-smage seg ! alfoty

Monitoring

For histologic and, or ultrasonographic evaluation the following material was collected:

- normal SB segments from dogs prior to autolransplantation to minimize mrmber of used
animals.

- at sacrifice, a defined segment of 2 Roux-Y lcop, 16 centimeters distally from the
enterostomy Iloop ome year after its performance during shamoperation or one-step
orthotopic SB autotransplantation (see paragraph 5.2, Figure 1B: R-Y 3).

- pieces of lung, liver, mesenterial lymph node, kidrey, transplant and host bowel were
obtained at sacrifice from amimals that underwent a two-stage segmental SB
allorapsplantation.

Histology
The material was fixed in 3.6% buffered formaldehyde, and embedded In paraffin.
Hematoxylin-azophloxin-safran staining was performed on 4-5 pm sections.

Ulrrasound

All ultrasound examinations were performed by an experienced pediatric radiologist using
a commercially availzble ultrasound unit (Aloka Model SSD-630, Aloka Co., Lid)
eqaipped with a 7.5 MHz linear transducer for in vivo studies. In sham-operated and
autotransplanied animals, ultrasound was used to evaluate the condition of the constructed
Roux-Y loop one year postiransplant. The loop was identified through water-fiiling using
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an urinary catheter, inserted imto the loop about 15 cm from the enterostomny. Optimal
visualization of the locp was accomplished in all cases. Real-time images were obtained
in. both transverse and longitudinally plames in the supine position afier sedation with 5
mg droperidol, injected imtramusculerly. In this way diameter, muscle- and mucosal
thickmess could be measured. Afier segmental allotransplantation ultrasonographic studies

were frequently performed, without any sedation or premedication, to evaluate the
postoperative course.

In vitro ulirasound studies were performed with a commercially gvailable 7.0 MHz linear
array transducer (Acuson, Mountain View, CA). A small segment of bowel submerged in
either saline or 3.6% buffered formaldehyde was used for in vitro examination.

Results

Survival

The 3 sham-operated dogs survived indefinitely. Unfortunately, 8 of 10 autotranspianted
animals died due to complications related to management and technique in the first several
weeks (9, paragrapk 5.1). Thus, only in 2 autotzansplanted dogs the condition of the
Roux-Y loop could be evaluated in the long run.

The posioperative course after a two-stage segmental SB allotransplantation in 7 dogs is
summarized in Table 1.

Table 1 The posttransplantation course; after a two-stage sepmental allotransplantation

Dog Stages Postoperative complications Survival and cause of death

1 1 venons thrombosis 1 day, venous thrombosis

2 1 recipient intussusception {day 1 and 7), fleus 53 days, ppeumonia

3 1 transplant intussusception (day 10) 14 days, hemorrhagic transplant

4 1&2 nooe 48/19 days, functional bile congestion
5 i none 24 days, rejection

6 1 heart failure 11 days, muldorgan failure

7 1&2 tramsient gastroenteritis and anemia > >100/50 days

Noies:
* A/B days; A is number of days after first stage/ B is number of days after second stage.
* Dogs 2, 3, 4, 5 and 7 developed transient thrombopenia accompanied by a transient anemia.

Histologic- versus ultrasound appearance of normal canine intestine
In Figure 2A, the schematic characteristics of canine small intestine are given as
anatomically identified.
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Fig-2_A. Generalized cross section of vertebrote small bowel, consisting of four layers: an outermost layer of serosa and
mesothelial (s], the muscularis mu) compesed of longitudinal and circular fibers, a relative thick layer of submucosa
{sm) and the innermost mucosa (m).

Figure 2B is a cross section of pormal canine SB after histological preparation. The
principal four layers; mucosa, submuecesa, musctlaris, and serosa, are easily identified on

histologic sections.

Y

Fig.2.B. Histologic cross section of norms! canine bowel. The layers visusiized represent serosa and mesothelial (s),
muscularis imu), submucesa sm) and mucesa (m).,
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Using 7.5 MHz wansducers in vitro with fresh tissue immersed in saline, mucosa and
muscularis can easily be distinguished as separate hypoechoic bapds. The hyperechoic
rings represent sirong reflections from imterfaces between mucosa and musculazis and
between serosa and surrounding fluid (Figure 2C).

The submucosa and serosa are located at this position but do not cause these raflections.
The thickness of these layers is overestimated on socography by abnormally strong
reflections. Therefore, the mmscularis appears small compared to histologic prepared
material. In vivo imaging of the canine bowel by ultrasonography is represented in Figure
2D.

FgR.C. Transverse uftrasound scan of canine bowel in Fig2.D. Transverse ultrasound scon of canine
vizro surrounded by saline; hypoechoic bands represent bowel in vivo surrounded by f: idetyde;
mucosa (m) and muscularis (mul, hypoechoic bands represent mucesas (m) and

muscularis {muf.

Comparing Figure 2C with 2D, it appears that the echogenic band between mucosa and
muscularis is thicker in vitro. Simulitanecus reduction of the muscularis band suggests that
the echogenic band is part of the muscularis. Moreover, an echogenic band reflecting the
outer layer is cleaily visible in vitro but this layer can hardly be distinguished in vivo
because the individual loops are packed closely together.

Histologic versus ultrasound appearance of Rowe-Y loop, one year afier its performance
The Roux-Y loop was constructed for mdirect functional monitoring of the graft {in vivo
electrophysiologic responses and disaccharidase activity; exact data given previously (9)).
Figure 3A shows the histologic appearance of a Roux-Y loop one vear after the
performance. The histologic section showed altered mucosal architecture characterized by
reduced crypt depth and diminished villus height. Additionaily, in vivo ultrasonographic
examination of the Roux-Y loop demonstrated reduced mucosal thickness as well (Figure
3B). No other deviations could be found.
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Hg.2.A. Histologic cross section of Fa.3.B. Longhudinal sonogram of Roux-Y lfcop demonstratng
Roux-Y loop [corresponding to R-Y 3, reduction of mucosal layer (corresponding to Figure 1. Chapter 5, A-
Fig 1. paragraph 5.2}, showing reduced Y3

mucesal architecture.
M1
M2

k

mucosal layer of normal loop,
rcosal layer of Roux-Y feop.

Postoperative complications following segmemtal allotransplantation, visualized by
ulrasound

Venous thrombosis. Figure 4A shows the histologic appearance of intestine following
vencus thrombosis. The mucosal architecture was infact but villi and crypts were
completely desquamated.

i

i

Fg.4.A. Histologic section of intestine following venous thrombosis. The layers represent serosa [s), muscularis fmul,
submucosa fsm) and destroyed mucoss (M.
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Figure 4B shows ultrasonographic features of intestine in saline following vencus
thrombosis.

In venous thrombosis, ultrasound stdies showed wall thickening. resulting in distention
of the bowel. In the bowel wall intramural alr was seen. Moreover, the mucosa showed
increased echogenicity compared to normal bowel.

Fg.4.B. Longitudinal in wre ulrasound image of canine small intestne following venous thrombosis; arrows indicate
mucosa (m) and muscularis (mul Iayer respectively (surrounded by saline) Arrowhead: mucosal air,

Inmssusception. Intussusception was diagnosed twice in one dog and one time in another
dog using ultrasound (Figure 5). One developed jejuno-jejucal imtussusception of host
bowel, and the other ileo-ileal inmussusception of domor bowel. Onmly the dog that
developed mumussusception of the host bowel showed clinical signs (vomiting, abdominal
mass, colicky pain). Sonographically, no differeptiation could be made between
intussusception in transplant or host bowel. The intussusceptions did not reduce
spontaneously, therefore, successful surgical reduction was performed after 24 hours.

Fig.5. Cross-sectienal ulvrasound image through the intussusception, demonstrating alternatng hyperechoic and
hypoechoic nings (srrows).
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Mesenterjal_lvmph node eplarcement. All dogs that received an allotransplant developed
enlarged mesemerial lymph podes, varying from 1.5-5 centimeiers. Histologically, simus
histiocytosis and erythrophagoCytosis were revealed. Moreover, lymphoid depletion was
clearly demonstated in the sections but lymph nodes still contained a few germinal
centers. Sonographically, mesenterial lymph nodes had a homogenous hyperschoic
gppearance (Figure 6). In studies performed in autotransplamted animals, no such
enlargement was detected.

Fg.6. Enlaroed mesenterisl lvmph node (MLN] in rransverse ultrasound section.

Rejection. The histologic appearance of rejected transplant-intestine is shown in Figure
7A. There was 2 strongly altered intestinal architecture due to massive infiltration with
inflammatory cells in the imtestinal wall. In vitro ultrasound stady of a rejected bowel
showed slightly increased echogenicity and mucosal atrophy, reflected by a thin mucosal
layer and thickening of muscularis with loss of strong reflections between muscularis and
mucosa (Figure 7B).

Miscellaneous abnormalities. In the early postoperative period intraperitomeal effusions
were identified that usually disappeared spontzneously. Inspissated bile in gallbladder was
demonstrated in some dogs.
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Fig.7.A. Histologic cross section of acutely rejected Fig.7.B. In witro ultrasound image in formalin of acutely
small in_tesahe, demonstratng serass (5} and refected small intestine; bands represent sloughing
muscularis (mul and edema of mucosa (m) and mucosa (srrowhead) and @ thickened muscular (mu)

Submucosa (5. layer. Section demonstrates decreased echogenieity of

interface between mucess and muscularis.

Discussion

The present findings demonstrate that using a 7.5 MHz transqucer, exploratory research
of canine bowel is feasible, as mucosa and muscularis c¢an clearly be idensified. It is
known from the literature that, to distinguish all four layers of bowel, at least 2 non-
commercially 20 MHz transducer should be used (10).

The histologic- and sonographic studies, performed in sham-operated and autotransplanied
animals, showed that Roux-Y grafting resulted in mald mucosal atrophy depending on the
position relative to the gastrointesting]l tract. Comparing sham-operzied arnd
autotransplanted apimals, no differences were found in the presemce of ztrophy,
histologically or sonographically of the Roux-Y loop.

Seven dogs that underwent a two-stage segmental allowansplantation demonstrated
postoperative coroplications including intussusception and infectious episodes. Previously,
we performed the same transpiantation procedure in adult dogs (11). In these experiments
no sach complications were encountered suggesting that young recipients of a bowel
transplant are more suscepiible to mfectious complications and intussusception. In furure
experiments, we will try to circumvent these complications by imtroducing selective
decontamination of the digestive tract (SDD) and ezrly gaswostomy feeding (12,13).

We observed the sonographic abnormalities found after venous thrombosis. Clnically,
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uitrasopography has already been demonstrated to be quite valuable in the area of
vascular abnormalities (14). Therefore, ulirasound can be of help to detect or exclude
suspected vascular complications after SBT. On ultasound, thrombosis of the superior
mesenteric vein appears as echogenic material filling 2 dilated structure (15). The
described dilatation of the intestinal wall is 2 reflection of the presence of edema which is
found after ischemic infury. Events that follow bowel ischemia include paralysis of the
small intestine and subsequent formation of intramural air in the intestinal wall caused by
bacterial entrance, which in its turp is caused by breakdown of mucosal integrity. These
features are clearly detectable using ultrasonography.

Ultrasound is generally applied to diagnose quickly and accurately cases of buman
intussusception (16,17). It was shown that intassusception in dogs is quite similar to
human intssusception. The appearance can be described as "bowel within bowel” and
consist of alternating bypo- and hyperechogenic rings. Our study again demonstrated that
intussusception is a postoperative complication occurring after SBT in large amimals. This
was already seen by Pritchard who found 22% intussusception in a ome-step orthotopic
allogeneic SBT mode] in young pigs (18).

The presence of enlarged mesenterial lymph nodes, as detected, mway be the leading point
for transplanted bowel to be trapped into intussusception. Other contributing factors may
be peural nonregulation or episodes of bacteraemia (19}, and it is even described as a
complication of Roux-en-Y anmastomosis (20). Enlargement of mesenterial lymph nodes
following allogemeic SBT in rats has already been described by Grant et al (21).
Mesenteric Iymph nodes contain the main part of lymphoid components of intestine, so
enlargement probably reflects an immunological process after allogeneic transplantation.
We even speculate that, in our experiments, it is a subclinical feamwe of GVHD.
Histologic examination of the lymph nodes several weeks after tramsplantation revealed
lymphoid depletion, which may underline this hypothesis (22-24). In these dogs we found
anemia, but no other evidence for GVHD could be revealed. The design of our
experiments suggests that MHC-matching would not guarantee protection from GVHD
(25). The suspected subclimical GVHED may occur because of minor histocompatibility
antigen differences between graft and host (26).

Fipally, in vitro ultrasonography could readily identify villous sioughing associated with
rejection, (27). This finding suggests that ultrasound may even be able to identify signs of
rejection by regular quantitative uitrasound analysis of mmucosal thickness of tramspianted
bowel. Recently, Cheung found that in vitro uitrasound stmdies can potentially
differentiate, normal versus abnormal bowel wall after porcine SBT (28). We speculate



i2¢ Chapter 6

that ulitrasound may be of great value in assessing relationships of mucosa and muscularis
thickness.

In conclusion, ultrasound is 2 valuable tool to monitor the postoperative course of SBT.
Routine investigations enable early detection of postoperative complications seen after
SBT. In vitro sonography detects interestipg findings of the bowel wall, including venous
thrombosis and acute rejection, and therefore in vive application seems promising.
Ultrasound may ziso have some value in assessing GVHD and chronic rejection after SBT
because altered bowe] architecture is present in these situations.
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MHC-MATCHED SEGMENTAL SMALI-BOWEL ALLOTRANSPLANTATION
IN ENTERECTOMIZED GROWING DOGS: AN ADEQUATE THERAPEUTIC
MODALITY

Abstract

The present study was underizken to imvestigate whether a two-stage segmental small-
bowel allotransplantation can promote normal growth and development of young dogs (16
weeks, 5-6 kg) with 2 surgically created short bowel syndrome.

After pear-total small-bowel resection (greup 1, n=3) an irreversible weight loss was
seen, After sham operation (grouwp 2, n=3), no growth disturbances were found. Major
histocompatibility-matched smali-bowel transplantation with cyclosporine A as
immunosuppressant was performed in two-stages; during the first stage one meter
jejunoileum from am-adulkt donor was placed heterotopically. Four weeks later, the native
gut was removed whereafier the graft was placed orthotopically (eroup 3, n=7). In this
group only ome dog survived lonmg-term, all other dogs died due to mfectious
complications. Addition of selective decontarpipation of the gut and early gastrostomy
feeding resulted in long-term survival in 66% of the dogs (group 4, n=1(). Follow-up (4
months) learned that growth of a young dog after wensplantadon of a major
histocompatibility-matched segmental small-bowel allograft is compromised about 20%
compared to sham-operated amimals. Fumctiopal analysis showed normal D-xylose
absorption, normal values of serum parameters, but increased lacmlose/mannito]l ratio,
fecal fat excretion and postheparin DAO release. These resuits show that under these
conditions a segmental small-bowel transplant functions sufficieptly to treat the short
bowel syndrome but functions suboptimally to maintain a normal growth pattern. Thus the
value of segmental small-bowel allotransplantation under cyclosporine treatment in
mazintaining the pormal growth and development in young dogs without specific
mutritional interference is questionable.
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Introduction

Small-bowel transplantation (SBT) will probably become the uitimate therapeutic modality
for a variety of life-threatening gut-refated diseases in sarly childhood.

In transplant medicine, matching donor and recipient for major histocompatibility (MHC)
antigens is a successful modality to achieve prolonged graft survival (1,2). With respect
to this, living relatives could domate segments of bowel if 2 segmental smali-bowel (SB)
iransplant shows 1o be a reasomable alternative to total parenteral nutrition (TPN). It is
still noi clear, however, whether 2 segmental SB transplant functions sufficiently to
mazintain growth and development of a child.

In 2 previous study we showed that adult dogs are able to survive long-term after
receiving 2 segmental MHC-matched SB graft (3). The present study was undertaken to
investigate the value of a MHC-matched two-stage segmental SB allotransplantation in the
treatment of the short. bowel syndrome (SBS) in enterectomized puppies. We evaluated the
functional capacity of a segmental graft, derived from an adult donor, by assessing the
general condition of the animal (growth, serum parameters), absorptive capacity of the
intestine  (D-xylose absorption and fecal fat excretion), mucosal iIntegrity
(lactulose/mannitol excretion ratic}, and the adapiive response (postheparin DAQO release).

Materials and methods

Animals
Donors. In total 17 adult male and female Beagles, weighing 10 to 20 kg were used
(Harlan CFB, Zeist, The Netheriands). Their ages ranged from one 1o three years.

Recipients. In total 23 healthy female Beagle puppies, 16 weeks of age, weighing 5 t0 6
kg were used (Harlan CPB, Zeist, The Netherlands).

MHC marching

Maiching for amtigens of the canine MHC complex, DLA, consisted of typing for both
class I and class II antigens, as described previously (4,5). Direct and indirect
microcytotoxicity tests, based on 2 battery of about 60 alloaptisera, were used to define
the class I, serologically defined, antigens belonging either to DLA-A, DLA-B or DLA-
C. Typing for class II antigens (DLA-D) was dore by means of the unilateral mixed
Iymphocyte reaction using a culture period of 6 days. The selection of donor-recipient
pairs was based on a two haplotype similarity.
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Experimental groups

The dogs were subdivided imto four experimental groups: group 1 (n=3), short bowel
controls; group 2 (n=3), sham operated animals; group 3 (p=7), MHC matched
segmental jejunoileal allografts and group 4 (n=10), MHC matched segmental jejunoileal
allografts + selective decontamination of the digestive tract (SDD) + early gastrostomy
feeding. In group 3 and 4 Immunosuppression consisted of cyclosporine A (CsA).

Operative procedure

The anesthesia and the operative techniques of enterectomy and of the sham operation are
described in detail in chapter 5. In chapter 6 this has been dome for the two-stage
segmental SB allotransplantation.

Peripperative treatment

The perioperative care of group 1,2, and 3 comsisted of "standard” care described In
detail in chapter 5. Animals in group 3 and group 4 received 10 mg/kg/day CsA in olive
oil (Sandimmune, Sandoz, Basel, Switzerland) intramuscularly from ome day prior to
surgery up to and including the seventh postoperative day. From then on, CsA was given
orally, in capsules, at a dose of 20 mg/kg/day. In addition, group 4 animals received
SDD-treatment starting 1 week prior to surgery and continuing throughout the
experimental period. After bowel engraftment m group 3, early postransplant infections,
associated with bacterial trapsiocation into the blood, were caused by Enterobacteriaceae
and staphylococcus areus species. This determined the chief ingredient of our daily SDD
regimen in group 4: 6.5 mg/kg/d ciprofloxacin (Bayer Nederland BV, Miidrecht, The
Netherlands) ¢ prevent bacteremia due to Enterobacteriaceae and sensitive
Staphylococcus areus straips. Polymyxin B (10 mg/kg/d; Pfizer Chemicals, New York,
USA) was included for providing cover against 2 wide range of potentially pathogenic
Gram-negative aerobic bacteria, with multiresistant Protens as a major capdidate. The
mixture of ciprofloxacin and Polymyxin B can give yeast, such as Candida, overgrowth
and therefore Nystatin (2 X 60.000 Units/d; Labaz Sanofi-Winthrop, Maasshuis, The
Netherlands) was included. After food was withbeld for 36 hours prior to surgery, an
energy-containing solution was daily supplemented orally (Extran, Nutricia, Zoetermeer,
The Netherlands). Group 4 animals were zlso supported with force feeding viz the
gastrostomy (Nutrison Pediatrics, Nutricia, Zoetermeer, The Netberlands) in the first
postoperative week after both the first-stage and the second-stage operation in group 4
{6). Thereafter irradiated (0.9 megaRad) dog food (Puppap, Hope Farms, Woerden, The
Netherlands) was given and water was freely available.
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Evaluarion
The general condition and the enterostomy outlook, if present, were observed daily.

Survival, Animals were sacrificed if their general condition deteriorated or if they lost
more than 30% of their preoperative body weight.

Weight; measured twice a week, always at 8.00 a.m.

Detgiled technical information about blood chemistry, D-xylose absorption testing and
Jfecal fat analysis is given in paragraph 5.1 and 5.2.

Blood analysis. In long-term surviving animals of group 4 blood analysis was performed
regularly azfter the first-stage and second-stage operation. In animals receiving CsA,
plasma trough levels were determined using 2 radiohmmunoassay for CsA (Cyclo-Trac
SP-Serurn/Plasma; Incstar Corporation-Stillwater, Minmesota, USA).

Assessmnent of the absorptive capacity, the integrity, and the adaptive stamus of the small-
intestine was performed in amimals of group 2 and in long-term surviving animals in
group 4, always at the same tirne interval during five months after surgery. (See Table 1
for a schematic overview of the experimental design).

Table 1 Experimental design of functional assessment of the graft

Weelks after
oK 2 Test related to specific fonctional component of the small intestine
Absorption Permeability Adaptation

-6 Lactulose/mannitol ratic
-8 Fecal fat excretion

<4 QOK1*
-2 Fecal fat excretion

0 OK 2**

1 Fecal fat excretion

2 Fecal fat excretion

3 Fecal fat excretion

4 D-xylose absorption

5 Lacmlose/mannitol ratic

6 Postheparin DAO release
7

E Fecal fat excretion

9

10

i1 Fecal fat excretion

12 D-xylose absorption

13 Lactulose/mannitol ratio

14 Postheparin DAO release

* = sham operation/heterotopic placement of allograft
** = grthotopic placement of allograft
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D-xvlose absorption test. The D-xylose absorption test was performed 4 and 12 weeks
after orthotopic grafiing.

Fecal fat excretion. Fat excretion in faeces was determined 2t 5 (preoperative) and 2
weeks before and 1, 2, 3, 8 and 11 weeks afier orthotopic placement of the graft,

Lactulose/mannitol excretion test. The lactmlose/mannitol excretion ratio assessment was
performed preoperatively, and 5 and 13 weeks after the orthotopic placement of the grafi.
Dogs were fasted overmight and a specimen of urine (for background segar
concentrations) was taken immediately before starting the test. Per kg body weight, 400
mg D-lactulose and 100 mg D-mannitol were dissolved in 2 mi of water. Following oral
administration, urine was collected for five hours. After two hours the dogs were allowed
to drink water freely. The urine samples were stored at -20°C until apalysis. Samples
were analyzed for lacmlose and marnitol content using a gas lignid chromatographic
method (7). The test results were expressed as the lactulose: manmite! concentration rado
mezsured in the urne pool five hours after sugar ingestion.

Postheparin DAQ assessment. Food was witbheld 12 hours before performing the test. An
amount of 1500 TU Heparin (Thromboliquine, Organon Technica B.V., Boxtel, The
Netherlands) was dissolved in 5 ml sterile saline, and injected intravenously. Blood
samples were collected at 0, 15, 30, 60 and 120 mirmtes after the injection. The DAO
concentration in plasma was determined as described in detail in chapter 4. The test was
performed 6 and 14 weeks after ortbotopic placement of the graft,

Staristics

All data are expressed as means + stapdard deviation (SD). Differences of the tested
parameters between groups (weight, fecal fat excretion and area-under-curve calculated
data of D-xylose absorption, postheparin DAQ release, and lactulose/mannitol excretion
ratios) were analyzed using Student’s t test for two means. Comparisons within: 2 group
were performed using the paired Stadent’s t test. Significance is defined as 2 p value <
0.05.

Results

Survival

Survival data of all animals are given in Table 2. The enterectomized dogs (group 1) had
a mean survival time of 11.3 days. The sham-operated animals (group 2) survived the
experimental period without complications. In Table 3, the postoperative course and cause
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Tabie 2 Postoperative survival time
Group Survival in days
I, Short bowel control i0

10

14
I, Sham operation throughout experimental period

throughout experimental period

throughout experimental period
T, SBS + segmental 1
sllotransplantation 53
+ CsA 14

48

24

i1

throughou: experimenta] period
IV, SBS -+ segmental 3
allotramsplantarion 21
+ CsA + SDD + eardy 51
gastrostony feeding 62

throughour experimental period

throughout experimental period

throughout experimental period

throughout experimental period

throughout experimentz] period

throughour experimental period
Abbreviations: SBS: short bowel syndrome; CsA: Cyclosporine A

SDD; selective decontaminatior: of the digestive tract

Table 3 The postiransplantation course
Affter 2 two-stage segmental ailotransplantation without SDD  (Group 3)
Dog Stages Postoperative complications Survival and cause of death
1 1 vepous thrombosis 1 day, venous thrombosts
2 1 rmpxem intussusception (day 1 and 7), fleus 53 days poeumonia
3 1 transplant intussusception {day 10} 14 days, hemorrhagic transplant
4 1&2 none 48 days, functional bile congestion
5 1 none 24 days, rejection
6 1 heart failure 11 days, multiorgan failure
7 1&2 wansient gastroenteritis and anemia throughout experimental period
Affter a two-stage segmental aBotransplantation with SDD {(Group 4)
Dog  Srages Postoperative complications Survival and cause of death
1 i arterial thrombosis 3 days, arterial thrombosis
2 1 hypozlbuminernia 21 days, pulmonary thrombosis
3 1&2 none 51 days, rejection
4 1&2 intussusception (autopsy) 62 days, acute peritonitis
5 1&2 nomne throughout experimental period
[ 1&2 none troughout experimental period
7 1&2 none throughout experizmental period
8 1&2 none throughout experimenial period
9 1&2 none throughout experimental period
10 1&2 none throughout experimental period
Notes:

* The survival data given in days after the first-stage operafion, with the second-stage performed at day 28
* Dogs 2,3,4,5 and 7 in group 3 developed transient thrombopenia accompauied by z transient anemia
* Dogs 2,4 and 7 in group 4 developed trapsient thrombopenia accompanied by a severe anemia
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of death in group 3 and group 4 (two-stage segmental allotransplantation without or with
SDD) is given.

In group 3 only one of the seven dogs survived the experimental period. One dog died of
venous thrombosis (technical complication; 14%). Five of the remaiping six dogs had to
be sacrificed as a result of the postoperative complications (67%). All these dogs bad
positive blood culmres, containing gur-derived bacteria like Hemolytic E Coli and
Staphylococcus aureus, in the early postoperative period. Ope dog died of ppeumonia at
day 53, one due to wansplamt intussusception at day 14, one developed a deteriorating
condition due to functional bile congestion and had to be sacrificed at day 48, and another
dog developed multiorgan failure at day 10. In only one dog rejection was the causal
factor of death at day 24.

In group 4, one dog had t be sacrificed dee to arterial thrombosis (techmical
complication; 10%). The failure rate due to transpiantation-related factors was 30%. In
this group no episodes of bacteraemia were encountered. One dog was sacrificed at the
21th day due to a deteriorating condition. Autopsy revealed thrombus formation at the
puaimopary artery. Only one of eight died of rejection 23 days after the orthotopic
placement of the graft. A third died from acute peritonitis caused by intussusception at
day 34 after OK2. The remaming six dogs kad no postoperative complications and
survived the experimental period.

Weight

Group 1 animals (SBS control) had a dramatic, irreversible weight loss. The animals in
group 2 (sham operation) showed a normal growth pattern compared with non-operated
historical controls (data supplied by Harlan CPB, Zeist). In Figure 1A, the mean weight
curves and ages of the animals from group 2 and group 4 is given. Throughout the
experimental period the growth pattern of group 4 animals was sigaificantly compromised
{-20%) compared to group 2 animals.

In Figure 1B the weightourves of group 4 animals after CsA treatment was siopped, 200
days after OK2, are shown. At that time, the dogs did not show significant growth.
However, after stopping CsA treatmoent a surprisingly catch up growth was found before
rejection took place.

Blood analysis
The follow-up of blood parameters of group 4 is given in Table 4. Only ammonia fevels
were significantly increased in the long term compared to the preoperative values.
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Compared to group 2 ammonia levels were also significantly increased in the long term
(exact data given in chapter 5). Figure 2 gives the CsA plasma trough levels of group 4.
The levels showed a considerable variation. However, compared to week 2, mean CsA
levels were significantly increased at week § and week 12.

kg
16
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12

10

D\\\\rll||||1|lllwur_lllll1!~||||l|w|J_|!!

10 15 20 25 38 5 40 45 50

age in weeks

—~ Snam-mean Sham /- SO T Allo-mean ""Allo «/— SO
Fig. 1A, Weight curves after performing shamoperaton In=3] or two-stage seg / alloy fantation (n=51.

Doy
~+o1og

*Dog

= Dog

*Dog

L T I I

“*Dog

-5 0 5 16 45 20 25 30 35 40 45

Weeks after CsA stop

* = CsA stop

Fg9.18. Weight curves after CSA treatment was stopped in group 4 animals. Dog 2 and & did not show rejection before
sacrifice.
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Table 4 Blood analysis, nutritional states {mean values + SD)

44 values obtained following heterotopic placement of imtestimal graft

days—~ <7 o 28 7 28
Hb(mmol/l) 77405 86410  7.6+23  VitBl2(pmoll) 274122 316+33
L{10°m) 73412 57%L5 9317 Folicacid(nmoll) 29.142.1 20.2+3.3
Na(mOsmol/1) 1435415 1408429 141.320.7 vit A(umol) 3.4540.65 3.01+0.63
K@nOsmol/1) 43306 3303  3.8+0.7  vit E{umol) 429482 44.647.6
Chel(mmol/T) 47409  46+08 47407  Ca(mmold) 2.81+0.34 2.78%0.11
TG(mmol/t) 0.43+0.11 0.504028 0.43:40.08 Fe(umol]) 153+4.5 19.8+17.8
TP 552+4.1 513#4.1 55.644.0 NE;(pmoll) 37.54253 432+7.8
Alb(g/) 27.6+1.5 27.0+4.3 254413

ALAT(Units/T*  33.9%113.6 49.6£23.3 352.6%50.5
ASAT(Unis/Ty*  26.7+7.1 36.0£9.8 295468

AF(Units/1)* 118.2+10.6 118.9+36.2 79.5+19.4
Crear(pmol/l) 55412 5549 5957
BUN(mmol) 55+1.6 3.040.6 42+1.6
TBIL{zmol/l) 22411  13%13  2.0+15
NAG (TU/) 36407 35424  5.6+£53

4B: values obtained following orthotopic placament of intestinal grafit

days—~ 6 34 65 1z . 112
Hb(mmol/T) 76£1.1 79412 83£06 85+10  vitB 12(pmold)  233+33
L{10°T) 1074100 74+3.1 6.6+2.9 3.9+03  Folic acid(omoll) 28.7+3.8
Na(mOsmol/l) 1413419 1433122 142.942.1 143.4+412  vit A{umol) 3.1940.39
K(mCsmol/) 3.954£0.26 4.2040.19 4.22+0.18 4.21+0.22 vit E(umol) 52.6+10.2
Chol(mmol/t) 4.55+0.66 4.73+0.56 4.7540.96 5.13+0.96 Ca(mmol/l) 2.76+0.07
TG(mmol) 0.46+0.06 048+0.14 044+0.15 0.44+0.07 Fe(umol) 13.843.7
TP(zA) S4.847.9 614439 615+37 61.1+3.0  NH(umolD 123419.1%*
AG/L) 23424  257+2.7 257432 253127

ALAT(Units/*  30.5£10.1 31.8413.2 3731124 32.1%3.7
ASAT(UnitsMy* 245482 30.7+56 31.3+410.7 28.8+5.8

AF(units/[)* 68.4+16.8 61.7+10.3 54.1+12.7 515195
Creat(umol/I} 5148 60+8 TT+10 70411
BUN (mumol) 4.4+0.8 5.7+0.8 6.6+£0.6 5.9+0.7
TBIL pxnolA) 1.8+1.2 3.0+2.4 2.9+1.1  2.6+%1.1
NAG QUMD 6.74+4.5 7.7£8.2 13.9%5.7 13.6+4.9

* assayed at 37°C

** p< (.05 versus preoperative values i the same group
Abbreviations used: Hb, hemoglobin; L, leukocytes; Na, sodinm; X, potassium; Chol, cholesterol; TG,
triglyceride; TP, total protsin; Alb, albumin; ATAT, zlanine aminotransferase; ASAT, aspartate
aminotransferase; AF, alkaline phosphatase; Creat, creatinine; BUN, blood urea nitrogen; TBIL, total
biliribin; NAG, N-Acetyl Hexosaminidase
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CsA Cng/mid
200
150
100
j=Yal
-4 =2 8] 2 4 5 B 10 12 14 18 18
postoperative wesks
ﬁAE lotransplant
* = p<l.05 compared 10 woek 2

Fg.2. Cyclosporine bloodlevels following two-stage seg taf alloty fantation

D-xylose absorption testing

D-xylose absorption test results of group 2 and group 4 are depicted i Figure 3A. Area-
under-curve calculations revealed that D-xylose absorption is similar for both test groups
at 4 and 12 weeks.

Fecal fat analysis
Feca] fat excretion was sigaificantly higher in group 4 compared to group 2 from week 3
after the orthotopic positioning of the segmental graft (Figure 3B).

Lacrulose/mannirol absorption testing

In the allotransplanted group, the mean lactulose/mannitol excretion ratio imcreased
significantly from 0.04+0.03 preoperatively up to 0.08+0.06 and 0.114+0.07 at week 5
and 13 after the orthotopic placement of the graft (Figure 3C).

Postheparin DAC assessment

Postheparin DAO release was significantly increased at week 6 after orthotopic
positioning of the segmental graft compared with sham-operated dogs of the same age
(Figure 3D). Fourteen weeks after orthetopic placement, postheparin DAO release did not
differ significantly between the groups.



Segmental allotranspiantation

1

5

3A

D-xylose fest
4 weoks after orthotopic grafting

3B

grm TRA100 gram Tescen

3D Po

stheparin DAC assessment
& weels 2fter orthotopic grafling

soiteurmi

D-xylose test
12 weeks after orthetopic grafting

minctsc
= Shamoperation “+ Allotrsnyplantation

Lactulose/Mannitol excretion

3C

W Lnctu ko Mt 301

Postheparin DAO assessment
weelk 14 after orthotopic grafting

st lforiml

fsgRoast

Fig.2. Functioral evaluation afer performing shameperation (=3} or two-stage

r gt
7tal sllotr

non (n=6).



136 Chapter 7

Discussion

The postoperative course of hurman SBT is often complicated by infectious episodes,
which are associated with fungal and/or |Dbacterial transiocation (8). Im
mmunocompromised patients, disturbance of the ecologic equilibrium in the
gastrointestinal act can lead to bacterial overgrowth, which in turn results in septicemnia,
a major postoperative complication (9,10). When performing imtestinal transplantation,
susceprbility to sepsis increases due to surgery-related changes in the small intestine, i.e.
ischemic imjury, Iymphatic- and neural disruption, altered motility and systemic venous
drainage (11,12). Compared to aduits, children have an increased risk of developing
infectious complications because they have still an immature immune system and often
lack previous exposure to antigen.

Previous work in aduit dogs showed that DLA-matiched segmental allotransplantation
resulied n long-term survivors without the need of SDD (3). In the present study, we
found that young recipients have indeed increased susceptibility to develop positransplant
infections that were associated with bacterial waoslocation into the blood of
enterobacteriaceae and staphylococcus aureus, species that wansiocate more easily through
a leaky intestine. The institution of enteral feeding may influence the postoperative course
positively since immediate postoperative enteral feeding is known to decrease the transio-
cation of bacieria, to reduce the hypermetabolic response to siress, and to enhance the
immunocompetence (13,14).

A comparison of the survival data of group 3 and group 4 revealed that SDD together
with early institution of emteral mutrition led to a lower mortality rate without infectious
complications and bacterial translocation. The low rejection rate is a surprising finding as
it has been suggested that younger transplant-recipients are at higher risk for graft
rejection {Z), and it thus implicates that MHC-matching is also a promising avemue in
young recipients of 2 SB graft. In group 3 as well as in group 4 transient thrombopenia
was encountered in a oumber of dogs. We have speculated already (chapter 6) that the
transient thrombopenia is a subclinical feature of GVHD, which may iply that MHC-
matching does not protect from GVHD.

This study demonstrates that pear-total SB resection in growing dogs leads to the short
bowel syndrome, which becomes lethal after 10-14 days. Enterectomized dogs who had a
segmental jejunal allograft were able to get away from the symoptoms of the surgically
created syndrome. Although others (15) bad already demonstrated that weight gain after
segmental allografting is possible, no comparison with sham-operated contyol animals has
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been made so far. In our study, long-term surviving dogs increased in weight but their
growth was compromised during the entire experimental period compared to sham-
operated animals.

The weight curve shows that, following segmental allografting, the weight gain was only
compromised In the early postoperative phase whereafter the growth remained stumted
thoughout the experimental period as no catch up growth was found. In our opinion, the
dogs were probably stll suffering from under-pourishment in the early postoperative
phase. This finding may imply that if TPN is administered in the critical postoperative
phase, normal growth after segmental allografting under CsA is possible.

The weightdata after CsA tweatment was stopped indicate that the CsA regimen is 2 major
factor in the absence of catch up growth following segmental grafting.

Blood apalysis showed that serum parameters of group 4 animals were comparable to
group 2 animals, which indicates that a segmentzl SB graft is able to maintain an adequate
conditional status of the host. The elevated serum ammonia levels in group 4 animals are
most probably due to the caval shunting of the mesenteric vessels, a phenomenon aiready
found in autowransplanted-dogs (chapter 5).

Fujiwara et al (i6) studied CsA absorption in chromically surviving allotransplanted
mongrel dogs. They found that during the early postoperative period CsA absorption was
unpredictable and highly variable. To assure adequate plasma CsA levels, the apimals
were giver CsA intramuscularly during the first postoperative week. We found that an
oral dose of 30 mg/kg/day CsA was sufficiert to prevent rejection in adult DLA-matched
dogs (3). However, most dogs suffered from commonly known CsA side-effects (17,18).
This study shows that 20 mg/ke BW CsA given orally, resulting in relatve low plasma
CsA levels, in combination with DLA-marching was sufficient to prevent graft rejection
without encountering CsA-related side-effects.

No impaired D-xylose abscrption was poted in the allotramsplanted dogs. Although the
xylose absorption test has been widely used to study the absorptive capacity of the small
intestine (19), it may bave limited value owing to variztion in repal function ard
gastrointestinal transit time, parameters that affect excretion of oral xylose (20,21).
Moreover, subtle changes in intestinal permeability are not detected with D-xylose, as it
is actively absorbed (22). Nevertheless, we included this test as a reference point of the
literamure with respect to functional evalvation of a SB graft.

Analysis of fecal fat excretion revealed that excretion of animals that had received an
orthotopic allotransplant was significantly increased from day 21 on. These values,
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however are still within the normal fat excretion range. Because our control dogs did mot
receive CsA, a drug that can induce decreased fat absorption by itself (23), we conclude

that the transplanted segment of feumn functions sufficiemtly to maintain at least near
normal fat absorption.

In addition, we included the lacrulose-mannito] absorption test, a test being independent of
the amount of urimary excredon. Lacmlose, 2 disaccharide, is absorbed via the
paracellular route and the amount excreted is a reliable index of mucosal leakiness. On
the contrary, mannitol, 2 monosactharide, is absorbed by the wanscellular route and thus
reflects mucosal surface area. The increased lactulose/mannito]l ratio found in the
allotzansplanted dogs shows that subtle chapges in intestinal permeability, pot apparent
with D-xylose, are present at both 25 and 85 days after orthotopic transplantation. Axndre
et al (24) made a direct comparison between the lactulose-mannitol ratio and 5Cr EDTA
test, another permeability test, in inflammatory bowel diseases. They concluded that the
combination of these tests provides increased semsitivity and might therefore be useful to
momitor SB transplant recipients on alierations in mucosal architectare.

DAGC is an enzyme, being unique in that its biood levels correlate positively with the
integrity of the intestinal mucosa (25). The intestinal content is known to be released into
the blood upon stiomlaiion by intravemously inmjected heparin (26). In case of intestinal
mucosal damage, like SB amophy, a lower plasma release of DAC was found (25,27).
Rose et al (28) have shown that postheparin serum DAQ is not significantly affected by
autotransplantation and systemic draimage, suggesting that it may serve as a poiential
indicator of the condition of the transplanted intestine. Im the present study, the area-
under-curve values of the heparin stimulation cuwrve of allotramsplanted amimals is
sigpificantly increased at 43 days following orthotopic grafting compared to sham-
operated control animals. No such elevated value was found 99 days afier orthotopic
grafting. The temporary Tise in intestinal DAO activity can be explained by hypothesizing
that the segmental graft demonstrates an adaptive response to overcome the effects of
shortening its length. This hypothesis is supported by results of Rokkas et al (29),
suggesting that DAQ is an important regulator of intestinal mucosal growth.

In conciusion, this stdy shows that a two-stage segmental allotransplaptation im
combination with SDD ané early gastrostomy feeding is able to prevent the symptoms of
the surgically created short bowel syndrome, However, although it is able to maintajn an
adequate mutritional status, a segmental graft under CsA regirgen is unzble to maiptain the
normal growth pattern without spectfic mutritional interference in the critical postoperative
phase.
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INTRODUCTION

Diamine oxidase (DAQ), catabolizing a variety of substrates including histamine and
diamines, is the degradative enzyme of the catabolic pathway of polyamimes. To
understand the relevance of DAQO it is necessary to have knowledge of polyamine
metabolism and the physiologic functions im which polyamines are implicated. Ungl
receptly, polyamines were considered as metabolic end products, having no physiologic
significance. The first account indicating that polyamine reputation should be changed
dates back to some pioneering studies in the early sixties (1,2). By then, it was proposed
that polyamines are a prerequisite for vital processes of cell proliferaticn. Conseguently,
interest in polyamine research increased and considerable progress has now been made in
studying the mechanisms underlying the physiologic implications of polyamines.

Catabolism of polyamines is due to reactivity with Cu**-dependent amine oxidases, of
which only diamine oxidase has been well defined. Altered DAO levels have been found
in some pathologic states suggesting a role in either etiology or symptomatology.

1 FUNCTIONAL IMPLICATIONS OF POLYAMINE METABOLISM
1.1  Pathways of polyamine metabolism

Polyamines, such as putrescine, spermidine, spermine znd homologues or apalogues of
these derivates tend to be conserved during the evolution from prokaryotes to veriebrates,
Such comservation implies an bmportant physiologic function, which is confirmed by a
variety of recent reports (3,4,5). By now, the polyamine metabolism, depicted in Figure
1, has been elucidated and this has led to an accepted set of theories describing how this
metabolic pathway is directly related to physiology (3,4,5), clinical medicine (6,7) and
pharmacology. In vertebrates, polyamines are metabolized along iwo major pathways; the
inmterconversion pathway and the so-called terminal polyamine catabolism. Arginioe, an
essential amino acid, is converted into ormithine, which in turn is converted into the
polyamine putrescine by ornithine decarboxylase (ODC; EC 4.1.1.17). Polyamine
tarpover is sensitively regulated by the intercomversion pathway; spermidine synthase
forms spermidine from putrescine and spermine is synthesized from spermidine by
spermine synthase. These reactions involve the dopation of aminopropyl residues from
decarboxy-S-adenosyimethionine, which is formed by 2 potential rate limiting enzyme S-
adeposylmethionine decarboxylase (SAM-DC; EC 4.1.1.50), to the appropriate
polyamines. Reversely, according to physiologic requirements, spermidine can be formed
from spermaine and putrescine from spermidine by an acetylation im the N position,
completed by acetyl CoA: spermidine/spermine N'-acetyl transferase {cytosolic;
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Enzymes: (1) arginase; (2} omithine decarboxylase (ODC): (3) S-adenosylmethionine decarboxylase [SAM-DC): (4)
spermidine synthase: (5] spermine synthase; {6) 5-methyithioadenosine (MTA) phospharylase; (7] acetyt CoApolyamine
N.acetyltransferase (cytoselic; c¢SAT); (8] acetyl CoAsspermidine Ne-acetyltransferase (nuclear; nSAT): {8) polyamine
oxidase (FAD-dependent); (10} diamine oxidase {DAO}.
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cSAT) and subsequent oxidative spliming performed by FAD-dependent polyamine
oxidases. Re-utilization of spermidine and putrescine makes this a cyclic process, which is

conrolled by enzymes that provide semsitive metabolic regulation. Two basic
requirements of the key enzymes, ODC, SAM-DC and cSAT are high inducibility and a
short balf-life time. Mechanisms that may improve sensitivity of an enzyme are known as
multiplicity of regulators, co-operativity, substrate cycles and imterconversion cycles (8).

In general, ODC is usually the rate limiting enzyme (), having the shortest in vivo half-
life of any enzyme yet studied, but under certain circumstances SAM-DC and ¢SAT may
also become rzte Limiting. Each intermediate of the interconversion cycle is degraded into
an aldehyde, if serving as substrate of a copper-containing amine oxidase, like serum
amine oxidase and diamine oxidase (DAQ; EC 1.4.3.6).

1.2  The role of polyamines in perireplicative events

Polyamines may play an essentizl role in a variety of biclogical processes.

Growth processes are mainly controlied by polyamine concentrations (20,11}, as one of
the prerequisites for cell proliferation is the enhanced symthesis of polyamines when
entering the G1 phase, at the time of initiation of DNA synthesis and prior to cell
division. This phase-specific rise in polyamine demand is reflected by an increase of ODC
activity, usually the rate limiting enzyme in polyamine syothesis. More specific, it is
evident from stedies in cells partially depleted of polyamine (82,13} that DNA, RNA and
protein synthesis are the prereplicative events regulated, at least in part, by these cations.

Many investigators have atternpted to elucidate involvement of the polyamines in these
processes. In several studies using polyamine depleted cells, it was found that the
interference with DNA synthesis was the result of a decrease in DNA chain initiation
rather than reduced DNA chain elongation (14,15). The results of Geiger and Moris
(16,17), bowever, suggest that polyamine deficiency results in markedly reduced rate of
DNA replication fork movement and not in 2 decreased initiation frequency. The relative
importance of polyamines for RNA synihesic remaims elusive although in vitro dat
suggest a role in the reguiation of almost every step of the synthesis and degradation of
RNA (18). Moreover, polyamines have been implicated in the stimulation of mRNA
transcription and transiation, some molecnlar events of protein synthesis (19). In general,
DNA synthesis is the cell event mosdy affected by polyamine deprivatdon. Im cell
division, the postreplicative event, physiologic concentrations of polyamines interact with
polymerization and transformation of actin filaments (206).
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1.3  The degradative enzyme of the polyamine metabolism

It is clear that rapidly proliferating cells, including bone marrow-, intestinal mucosal- and
tmmor cells have a high requirement for polyamines.

Normally, terminal polyamine catabolism does not participate in the regulation of cellular
polyamine levels, although copper-containing amine oxidases are present in a wide variety
of tssues. DAQ starts functioning in 2 regulating manner in rapidly proliferating tissues,
as it is produced in particularly high amounts. Moreover, under certain pathophysiclogic
circomstances elevated DAQ levels are found, which can be either a causal factor or 2
disease-related effect. Apart from its role in the polyamine pathway, DAO also catalyzes
the deamipation of histamine 2nd even plays a mzjor role in histamine degradation in
some animal species (21).

2 HISTORICAL BACKGROUND

Since its discovery in 1929 the histamine-inactivating capacity of diamine oxidase, by then
called histaminase by Best (21), was kmown. It was remamed by Zeller in 1938 (22},
because the enzyme also deaminated several diamines, ipcluding putrescine, cadaverine
apd agmatine. These two names were used synonymously, until the enzyme was proposed
to be called DAC, as it was shown that putrescine and cadaverine are preferemtially
deaminated by the enzyme. So far, DAC has been purified and characterized from
various sources {Table 1).

Table 1 Purification and characterization of DAQ
Tissue Source Molecular mass (M) References
Kidoey horse not determined 23

pig 185,000 24

human not determined 25
Placenta human $0,000-120,000 26,27
Amniotic fluid human 245,000 (DAO-A; dimer) 28,29

485,600 (DAC-B; tetramer)

Pregnancy plasma hwman 245,000 (DAQ-A; dimer) 26,29

485,000 (DAQ-B; tetramer)

Several studies have been performeed on the biochemical properties of DAO from different
species. It appeared that multiple forms of DAQ exist (29), probably varying in stability
and in kinetic properties. The differences observed are probably species-dependent but
storage and experimental conditions moay aiso differently influence the biochemical
properties of DAQO obtained from various sources (30).
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3 BIOCHEMIC ASPECTS
3.1 DAQ assays

There is a variety of methods to detect DAO activity due to the multiplicity of substrates
and reaction products. Table 2 gives a summation of osed substrates and reaction
products. The numerous assays described differ in specificity, sensitivity, rapidity and
simplicity. As pormal DAO activity in plasma is in the low detecting range, a method
with a high sensitivity and simplicity is preferred. The most commonly used method for
i vitro measurement of DAQ activity is the “C-putrescine assay. This isotope assay is
based on spontaneous nomenzymatic cyclization of vy-aminobutyraldehyde, the product of

DAGQ catalyzed degradation, to a-pyrroline or its polymers.

Table 2 DAQ detection methods
Substrate Assay Determination of References
Histamine biological residual fleal histamine 31,32
blood pressure changes 21
fiuorometric 33
polarographic 33
spectrophotometsic DNFEB-residual histamime 34
manometric . consumption 35
spectrophotomeTic O, consumption 36
Cadaverine spectrophotomelric aldehyde formation 37
vagoum distillation ammonia formation 22
diffusion analysis ammonia formation 38
colorimetric decolorization time 39
colorimetric residuat dye 40
tration colorization KMnGC, 41
spectrophotometric O-dianisidine complex 42
specirophotometric ammonia liberated 43
Putrescime spectrophotometyic aldehyde formation 37
vacgum distillation ammonia formation 22
diffusion analysis ammonia formation 38
colorimetric decolorization time 39
colorimetric residual dye 40
tiragon colorization XMnQ, 41
spectrophotometric O-dianisidine complex a2
spectrophotometric ammonia Hberated 43
Hexamethylenediamine  spectrophotometric aldehyde formation 37
vacuum distillation ammonia formation 2
diffision analysis ammonia formation 38
colorimetric decolorization tme 39
colorimettic residual dye 40
tikrarion colorization KMuO, 41
spectrophotometric O-dianisidine complex 42
spectrophotomettic amynonia Hberated 43
“C Putrescine radiochezmical a-pyrroline forraation a4
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Since putrescine and a,-pyrroline have a differential solubility, DAQ activity can be
measured by counting radioactivity of a,-pyrroline exwacted from the aquecus info the
organic phase.

3.2 DAQ inhibitors

Some attention has been paid to the inhibition of diamine oxidase activity by several
specific blockers. Sattler et ai (45) tested over 300 drugs on inhibitory potencies with
bumean and canine DAQ in vitro. The underlying thought was that in infensive care umits,
in patients producing eclevated histamine levels (e.g. in case of shock, polytrauma),
unwanted clinical side-effects could be elicited by drugs inhibiting DAO. It was
previously believed that blocking intestinal DAO would be swamped by the immense
enzyme amounts present (46). However, recent stmdies showed that inhibiton with
aminoguanidine reduces the intestinal DAQG activity to vnmeasurable levels (47).

4 FUNCTIONAL ASPECTS
4.1  Role of DAC in mucosal growth regulation

Proliferation of cells in the gastrointestinal tact is comtrolled by multiple substances
including hormones (glucocorticoids, thyroxine, msulin} and growth factors (epidermal
growth factor). Additionally, it has been proposed that cell proliferation in gut mucosa
depends on the supply of polyamines reaching the progenitor cells, regardiess of the
original trophic stimulus (48). It has been documented in several smdies that QDC
probably plays a key role in regulating moucosal growth by regulating polyamine Ievels.

To study the relative role of ODC and DAO in regulating mucosal growth, their activities
were measured in epithelial cells after small bowel resection in rats. Dowling described
that it was suspected that during the adaptive response the mmcosal DAQ activity would
drop to permit and/or facilitzte intestinzl growth (49). However, results from several
studies demonstrated that pot omly ODC activity rises during adaptive hyperplasia, but
that DAO activity as well rises parallel to ODC (50). The speculative actions of ODC and
DAO in the mucosal-growth-regulation process is outlined in Figure 2.

CDC reacts to a variety of trophic stimuli- (for the gut mucosz) with mmediately
increased actvity. The increased enzyme activity causes an increase in polyamine content
and 2 subsequent increased cell proliferation activity. Proliferation-associated increases in
DAOQ activity, mainly found in the villus tip of the mucosa, suggest that DAC acts as a
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Fig.2. Schematic outling of speculative rofe of ODC and DAQ in mucosal growth reguiztion,

brake iphubiting crypt cell production by regulating putrescine comtent or by the
production of undefived active metabolites. Moreover, in resected rats treatment with
aminoguanidine not only abolished DAQ activity but in wun stimulated adaptive intestinal
mucosal growth. This observation suggests that following extensive resection the
structural and functional adaptive response of the remaiming intestine may be enbhanced by
biocking of DAOC activity. The stimulated response may lead to significant reduction of
the resultant malabsorption seen in patients after massive small-bowel resection. The basic
questions that remain to be answered are: 1s aminoguapidine induced intestipal adaptation
transient or sustained ?; does the adaptive response after temporary amiroguanidine
Teatment revert to its nom-enhanced state 7; is the effect of aminoguanidine dose-
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dependent ? No clinical consequences have been described in healthy comtrols afier
administration of strong inhibitors of DAO no clinical consequences have been described
(51). So the clinical use of efforts 1o block DAC in patients after massive bowel loss
might become reality although negative side effects in uphealthy state should not be
underestimated.

4.2  Postheparin DAQ release

Iz healthy state very low basal values of plasma DAQC are detected (52). The enzyme is
unique in that its plasma levels appear to comelate positively with the maturity and
imiegrity of the inmtestinal mucosa. For example, lowered enzymatic actvity is found im
plasma of patients with intestinal mucosal atrophy, mdicating that normal plasma DAQ is
primarily intestinal-derived (53). At present, the potential value of DAQ as an index of
intestinal disease is widely investigated. Some recent siudies suggest that measuring serum
DAQ activity is more suitable in the follow-up of enteropathies than as a screening test,
due to the large biological variations In serum valiues obtained (54). DAO is mainly
syathesized by mature villus cells, with about 60% present in the organelles and the rest
free In the cytosolic compartment. In the majority of swdies it has been hypothesized that
after synthesis DAQ is translocated to heparin-sensitive binding sites in the capillades of
the lamina propria (55). Such lecation may involve the prevention of polyamine crossing
from the intestine into the circulation. Recent immumnofluorescence studies revealed that
the base of the villes cells, and not the endothelial binding sites, represents the primary
storage compartment in the intestine (56). DAQ is most probably released through the
secretory pathway at the basolateral membrane, induced by heparin or other highly
negatively charged molecules. DAO linked to organelles is released only when the
cytosolic comparimernt has been depleted. Upon its release, DAQ is trapslocated to
endothelial binding sites, already depleted by heparin stimulation, and subsequently
refeased into the circulation. It is generally assumed that, following heparin sumulation,
plasma DAQO levels rise markedly and that the intestine is the major {or sole) source of
such increase (57). It is thought that this provocative plasma postheparin DAOD
measurement enhances the sensitivity of using DAQ w0 monitor mucoesal maturation and
integrity. Further studies on the application of such a non-invasive test for determining its
usefulness are now warranted.
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4.3 Relevamce of DAO in pathologic states

The associadon of DAC activity with 2 mumber of pathophysiologic states is often
hypothesized upon. Although altered DACO activities have been found in a number of
pathologic siwations (Table 3), the precise role remains speculative, Comtinued
exploration on the metabolic role of DAC might provide clues to the fanctioning of the
enzymee in normal and diseased states. Moreover, the investigations on the diagnostic
value of DAQ in clinical evaluation of certain diseases may provide a sensitive tool for
monitoring.

The placenta is proposed to be the source of elevated DAQ activity in serum during
pregnancy. Normally, DAO is thought to have a barrier function in the placenta by
preventing barmfol histamine/polyamime crossing imto the maternal circulation.
Experimental findings suggest a positive correlation between placental DAQO and the
vitamin B6 status in pregnant women. In addition, the value of measuring serum DAO
activity in cases of pregnancy toxemia and threatened abortion, being markedly reduced
by then, is identified by an increasing oumber of reports (58,59).

Elevated DAO activity in peoplastic disorders has been observed n cases of endometrial
adenocarcinoma, granulosa cell carcinoma, myosarcoma of the uterus, medullary
carcinornz of the thyroid gland, in smali-cell carcinoma of the lung, and in stomach and
colon carcinoma (60). Immunchistochemical studies have confirmed that some cell types
in these turnors are the source of the DAQ in the circulation. However, several studies
have shown that circularing DAQ activity is no reliable diagnostic marker, probzbly due
to vaxiability of its release from the tumor. Whether the increased” DAQ activiy in
neoplastic cells has 2 link to tumor cell development remains to be determined.

Luminal histamine-induced histaminosis is a general pame for allergic-like reactions that
may ocenr after food induced histaminesis under DAQ blockade. DAQ inbibition is
kpown to accepiuate allergic responses, suggesting a regulating role of DAQ in the
pathophysiologic reactions involving histamine release (61).

Consistently elevated polyamine levels have been described im cystic fibrosis. No
abnormalities in polyamine catabolism have been revealed in this disease, although
abnormally high circulating DAO activity is found in about 30% of the patients. More
investigations are needed to resolve the role of DAO in some of the clinical
mapifestations seen in this disease (62).
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Tabie 3 Pathophysiologic states associated with altered DAQ activity
State Adteration postulated role in healthy References
Pregnancy toxemia ¥ serum DAO levels barrier function; 58,59
Abortion preventing histamine/polyamine
crossing
Neoplasia 4+ intrecarcinoma DAQ level unclatified &0
subsequent  cirenlating DAQ
Allergic response DAQ-blockade regutator of histamine 61
release
Cystic fibrosis 1 % serum DAO activity unclarified 62
Infertility T 1 DAC activity In semen unclarified 63
Uremia ¥ ¢ Kidney & Urine DAO protecting from 63
+ plasma DAQ nephrotoxicity
Bowel ischernia 1 plasma DAO levels protecting the bowel 60,64
following decreased from toxic effects
tissue activity

Recemt studies bave shown a negative correlation between DAOC activity apd sperm
motility, and thus fertility. Adding aminoguanidine to the ejaculate might offer mew
therapeutic modalities to Improve fertility is some cases of male infertility (63).

In wremja, polyamines are retained and mey play a role in certain secondary
complications, inchuding infection and anemia. In vremic patients elevated serom DAO
levels have been detected . combination with decreased wrinary and kidoey DAOC. Such
DAO levels may implicate removal of toxic polyamines in plasma and inbibition of toxic
aldehyde formadon in the Xidreys (63).

Severzl investigators have described interaction of DAQO with ischemic states of the
bowel. Mucosal DAQO activity, being the major source of dssue DAQ (>90%), shows an
increasing proximal-to-distal gradient, decreasing to low levels in the colon. The enzyme
is primarily synthesized and located in the villus absorptive cells of the gastrointestinal
tract. Since villus tip cells are most sensitive to ischemia, decreased dssue DAO activity
and subsequent increased circulating plasma levels of DAO bave been found due to its
haminal release and uptake in the blood. Measuring DAQ activity could therefore provide
a marker of intestinal injury. Moreover, it has been postilated that DAO has a role in
protecting the bowel from toxic effects following increased histamine concentrations
observed in intestinal ischemia (64).
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8.2 SERUM DIAMINE OXIDASE HAS NO PROGNOSTIC VALUE IN ACUTE
SMALL-BOWEL REJECTION IN RATS

Abstract

Rejection of intestinal allografts is stifl 2 major problem hindering climical transplantation.
A serum marker that could detect rejection at an early stage would be of great help in
adjusting Immunosuppressive protocols. The enzyme diamine oxidase is mainly produced
by mature enterocytes amnd a correlation exist between intestinal and serum diamine
oxidase activity.

To study the value of diamine oxidase as marker of acule rejection fully allogeneic total
orthotopic small-bowel wansplantation was performed in rats using the WAG-t0-BN donor
host combination (group 2; daily serum dizamine oxidase determination until rejection,
n=9). Syngeneically transplamted WAG rats served as control (group 1; daily serum
diamine oxidase determination until day 16, p=6). Animals in group 1 survived
indefinitely and anjmals in group 2 died of rejection between 10 and 18 days. In both
group 1 and 2 a fluctgating senmm diamine oxidase pattern with time was found. Basal
serum diamine oxidase level was significantly decreased in allogeneic animals compared
to syngeneic controls at day 13, 14 and 16. At that time, however extensive mucosal
sioughing had already taken place. Studying allotransplanted animals individually, no
prognostic diamine oxidase change, indicating onset of rejection, could be revealed.

These data indicate that the small-bowel transplantation procedure itself is responsibie for
flucmating serum diamine oxidase levels in the first two weeks postoperatively and that
monitoring serum diamine oxidase has no value in early detection of acute small-bowel
rejection. 'Whether the prognostic character of diamine oxidase is suppressed by early
transplantation-related factors should be investgated in a chronic rejection medel
following smail-bowel transplantation.



158 Chapter §

Introduction

A major obstacle to clinical small-bowsel wransplantation (SBT) is the vigorous rejection
elicited by the graft (3-3). In order fo treat this rejection optimally, monitoring of this
process is of utmost importance. An early and reliable index of rejection would allow for
institution of anti-rejection therapy before the graft is irreversibly damaged.

Histologic analysis is the "gold standard” for reliable detection of small-bowel (SB)
allograft rejection. This method, however, has several shortcomings: biopsies require the
presence of an enterostomy; full-thickness slides, which bear the risk of graft perforation,
are mandatoTy to accurately predict early onset of rejection; and multiple biopsies must be
taken to avoid sampling error because of the patchy distribution of the rejection process in
the graft (4,5).

Another approach of monitering of rejection is to study functional absorption of agents
like cyclosporin and maltose (6,7). These methods suffer from considerable variability
and have proven unrelizble. With tme more sensitive tests, based on absorption or
permeability, have been developed. The use of such methods is still cumbersome in that
they require oral administration of the test-solution and/or blood sampling at several time
points (8,9). Recently, Meijssen et al developed a non-invasive method to assess
electrophysiologic parameters in an enterostomy (10). It was found that electrophysiologic
parameters correlate with histologic alterations of acute rejection but dismiss the
disadvantages of histologic monitoring.

Contrary to some other types of organ twansplantation (11) a simple serum marker, which
reflects functional deterioration of the mucosa, is  still upavailable. N-
Acetylhexosaminadase (12,13), procoagulant activator {(14) and nitric oxide (15) have
recently been shown to have some value as markers of early SB rejection.

Axother potential serum marker for eaxly detection of SBT rejection is the enzyme
diamine oxidase (DAQ), which degrades polyamines (essentizl substances for cell growth)
and is z key regulator of cell proliferation in the intestine (£6). About 95% of tissue DAC
activity is found in the intestine, primarily located in the mature mucosal cells of the
villus tip (17). Cell division is a major regulator in vp-regulating intestinal DAQ activity,
whereas DAC in ten down-regulates mucosal growth by polyamine degradation and
suppresses cell division via active metabolites (18).

A positive correlation exisis between DAO activity in mmcosal extracts and serum, with
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decreasing activities found in case of intestinal injury (19). Intestinal rejection is a form
of intestinal mjury, starting with crypt necrosis followed by mucosal sloughing, and could
concejvably be associated with changes in basal DAO activity. The aim of the presemt
study was therefore to determine the uscfuiness of monitoring basal serum DAO levels as
a marker for early detection of acite SB allograft rejection in rats.

Materials and methods

Small-bowel transplartation

SBT was dope as described previously (26). In brief, a ome-step total orthotopic SBT was
performed. The domor’s SB was harvested from the ligament of Treliz to the terminal
ileum, along with the awtached vascular pedicles consisting of the superior mesenteric
artery and the portal vein. End-to-side anastomoses were performed between the recipient
aorta and donor superior mesenteric artery, and recipient inferior caval vein and donor
portal vein, respectively, whereafter the recipient’s own SB was resected. Gastroiniestinal
confinuity was restored by end-to-end anastomosis of the graft, proximally with the host’s
duodenum and distally with the remaining 1-2 cm of terminal ileum.

Experimental groups

Group 1: Syngeneic SBT using WAG 1ats {u=6). Blood was collected daily from day 0
{preoperative value) until day 16 postoperatively.

Group 2: Allogeneic SBT using BN rats as donors and WAG rats as recipients (n=9).
Blood was collected from the day of tramsplantation {(preoperative value) untif the day the
animals were sacrificed because of their deteriorating condition. Time of rejection was
defined as the day on which animals were sacrificed after macroscopic confirmation of
end-stage rejection, which was proved by histologic examination.

For determinazion of basal DAO activity

One m! of blood was collected viz the tail vein, Seram was stored at -70°C. DAO activity
was measured as described by Romijn et al (21). In brief, 200 gl serom was incubated
with 100 gl chioral hydrate, 2100 gl 0.1 M phosphate buffer (pH 7.0) and 100 pl of
substrate solution (¥C-lzbeled putrescing) for 2 hours at 37°C. The reaction was stopped
by addition of 200 ! of a 10 M sohntion of aminoguanidive in 2% sodium-~carbonate.
The reaction product,“C-al-pyrroline was extracted into 4 ml toluene-based scintillation
fiuid and the radioactivity present was measured using 2 houid scingiflation analyzer
(Packard, Tricarb 2500 TR, Packard Imstrument Company Inc, Downers Grove, USA).
DAC activity was expressed as Units/ml with one Unit defined as nmol of“C-a'-pyrroline
formed per hour.
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Staristics

The results are expressed as means + SD and the significance of differences among the
groups on postoperative days was tested using Smudent’s nonpaired t test after taking the
logarithm of the individual datz with p = (.05 considered significant. The prognostic
value of DAGC for SBT rejection was evaluated using a pom-parametric graphical
representation of the relationship between rejection and the occurrence of DAO level
changes (22) and a Basic computer program developed by Hop et al (23).

Results

Survival

All syngeneic rats survived indefintely. Rats with allogeneic SB graft in group 2 bad a
mean survival time of 14.3 + 3.1 days. Two rats (o 1 and 5 see Table 1B) showsd
transient grade 1 graft-versus-host disease characterized by light redmess of ears, smout
and paws (24).

Diamine oxidase activity

The individual basal DAQ levels on postoperative days following syngepeic and
allogeneic SBT are given in Table 1A and 1B respectively. Figure 1 shows the mean
DAOC serum level of DAC activity over time following the operation. Basal DAO level
was significantly lowered in allogeneically transplanted animals compared to syngeneically
transplanted animals on postoperative days 13, 14 and 16. Figure 2 shows a graph to
visualize the possible progmostic character of DAO in rats 1 and 2, in which rejection
took place on day 13. In both rats, DAOQ values were markedly lower on postoperative
day 7 compared to the other rats given m the Figure, that rejected their grafts later.
Although such 2 pattern in basal DAO level was clearly noted 6 days before rejection in
razs 1, 2, 3, 8 and 9, statistical analysis could not establish a prognostic value of basal
DAO level for SB rejection.
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Table 1A Serum DAO valnes' after syngeneic smali-bowel transplantation.

WAG - WAG
animal — 1 2 3 4 5 6
4 day
0 0.17 nt 0.17 0.11 0.19 0.11
1 ot nt i 0.03 0 or
2 0.01 0 0.04 0.06 003 0.38
3 0.04 0.03 002 021 026 .08
4 0.07 0.10 0.15 0.27 0.52  0.05
5 0.10 0.12 0.3 0.52 0.08 0.26
s 0.11 018 014 0.87 077 0.28
7 0.15 .15  0.19 0.51 036 0.13
8 0.39 0.19 021 0.05 102 0
9 0.24 021 029 0.76 034 0.23
6 0.34 0.17 O 0.32 0 0.05
11 0.30 023 058 0 023 007
12 0 0.10 030 0.31 03% 0
13 0.34 022 015 0.47 043 013
14 0.34 024 014 007 034 006
15 0.16 055 022
16 0.30 071 Q.22
Table 1B Sermn DAO values® after allogeneic small-bowel transplantation

BN - WAG
apimal - i 2 3 4 3 6 7 8 9
V day
0 0.15 013 007 m 012 020 m 025 m
1 0 ot ot ot 0.06 0.14 mnt ot 0.09
2 0.07 o2 O nt 0.06 006 0.16 007 0.14
3 0.12 0.08 003 nt 0.20 0.14 029 006 022
4 0.30 0.13 0.0z 0.12 030 0.6 0.06 021 0.15
5 0.36 021 601 nt nt 028 020 042 025
5 0.22 026 004 0.64 055 020 o2 0.62 0.48
7 0.047 001 007 m ot 0.09 0.14 647 0.25
8 0.02 001 m 0.02 023" 026 013 032 020
9 0 003 nt 0.73 ot ot 0.1% 0.27 0.17
10 0 0 2 1.07 ot b 0.03 0.17 0.14
11 0.14 o 0.19 # 0.08 0.25 0.5
12 0.15 0 nt 0.02 022 005
13 0.13 0.04 ot 0.02 0 0.08
14 0.10 0.01 2 0.03
15 nt 0.02 0.18
16 ) ot 0.03 0.08
17 nt ® ot
18 B 2

. DAO values are expressed as nmol 'pyrroline formed/ml serum/hour
®: day of graft rejection

b recipient died with functioning graft (ethernarcose)

ot = not tested

" GVED grade 1
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Discossion

Because acute rejection of the SB is associated with intestinal ischemnia, it is valid to
evaluate the prognostic significance of substances originating from gut during mucosal
ischemia. In this respect, N-acetyl hexosaminidase, 2 lysosomal acid hydrolase which is
known to be elevated in serum in association with intestmal ischemia is a potentially
interesting candidate. Conflicting data on its usefulness as early marker to detect rejection
have been reported (12,13), however, and this epzyme needs forther study. Serum DAO
Jevels are also known to be clevated during acute ischemiz of the SB mucosz (25).
Intestinal DAQ is distributed relatively uniformly from jejummm to ileum, whereas in
colon a lower activity is present {26,27). Differentiated enterocytes are the primary site of
storage of DAO in the intestipal compartment. Upon stimmiation DAQ is secreted through
the basolateral membrane, enters the microvasculature and is released into the circulation
directly or through lymphatics. DAO release from the bowel can also be provoked by
intravenous heparin administration which is associated with 2 rapid increase of plasma
DAOQ. Postheparin DAQ plasma levels are lowered in 8B mmcosal damage (28), Crobn’s
disease (29), celiac disease (3¢) and suspected mucosal atrophy during TPN feeding (29).
This direcily indicates that basal DAO levels may also reflect integrity of the mucosa.
Ischemia leads to 2 decrease in intestinal DAO activity brfeﬂy followed by elevated serum
DAO levels (31,32). It is unknown whether the causal factor of DAO release in ischemia
is mucosal injury itself or that circulating factors capable to mteract with microvascular
receptors are respomsible.

Transplantation of the small intestine is accompanied by neural and lymphatic disruption,
and ischemia. Rose et & (33), demonstrated that basal seram DAQ levels equalled
preoperative values 1 month after intestinal autotransplantation in dogs and remained
stable for more than 18 months. Basal DAC values showed significant rises on day 2 and
3 postoperative. This increased basal DAQ level was interpreted as delayed appearance of
DAQ i sermm due to disruption of lymphatics. Whether basal DAC activity remains
elevated beyond three days has not been tested yet.

In the present stady, decreased basal serum DAQ levels were found 1 day following
either syngeneic or allogeneic intestinal transplantation. We believe that this decrease is
cansed by Iuminal DAQ release during the transplantation procedure, before unclamping.
Thus, DAO lost during luminal perfusicn of the intestipal graft represents ischemic injury
of the mucosa.

In rats that received a syngeneic imtestinal graft the DAO serum activity fluctuated with
time, probably because of a temporary loss of the homeostatic mechanism that nomaally
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regulates mucosal growth. The ischemic injury of the transplantation procedure has a
damaging effect on intestinzl mucosa. In a model of canine SBT normal crypt function,
assessed by measuring cyclic-AMP-mediated chloride secretion, was already found by day
3 (34). This may explain the obvious increases in DAQ serum levels within the first
postoperative week found in both syngeneically and allogeneically transplanted animals.
Following intestinal transplantation, the regulatory role of DAO in mucosal growth may
become of more importance in maintaining mucosal imiegrity and is accompanied by
flecmating DAQ levels.

A simijar pattern of fluctuating DAO serumn levels was recognized in rats following
allogeneic intestinal transplantation. In allomansplanted animals, mild histologic injury
including some crypt cell death was present from day 4 onwards (unpublished data). We
hypothesize that crypt cell death results In diminished cell division and is followed by a
decrease in imtestipal DAC activity. Although a decline in DAC activity was found in
some animals & days before rejection, its progpnostic value could not be proved
statistically. However, non-rejected related factors present in the first two weeks may
alter DAQ activity following allogeneic SBT and as sach overrule a possible progmostic
character of DAQO. It was demonstrated that on day 13, 14, and 16 significant decreases
in serum DAQ activity were found in allogeneically transplanied animals compared o
syngeneically transplanted animals. However, at that time, extensive mucosal slonghing
bad already taken place (unpublished data).

In summary, the results from this sedy suggest that changes in basal serum DAC level
do not have a progrostic value for acute intestinal zllograft rejection.

Further stadies are needed to define the role of momitoring basal serum DAQ in chronic

rejection and the importance of performing the postheparin DAO test in the assessment of
graft function.

Oz top of that suppression of DAO may be a means of stimulating SB adaptation after
mazjor resections, and it is hypothesized that this may comseguently be used to stmoulate
adaptation of SB grafts.
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8.3 POSTHEPARIN DIAMINE OXIDASE ACTIVITY AS MONITORING
TOOL FOR SMALIL-BOWEL GRAFT FUNCTION IN RATS

Abstract

A biochemic marker that could provide information about the actual condition of an
intestinal graft is still missing. The enzyme diamine oxidase, mainly found jn villi tips, is
a potential circulating marker of mucosal maturation and integrity.

The aim of this stedy was to investigate whether diamine oxidase has amy value in
mopitoring the statms of an intestial graft in rats. Therefore we examined, up to 6
months postoperatively the differences with time in basal as well as postheparin diamine
oxidase activity in resected WAG rats that had received cither a syngeneic total small-
bowel transplantation or a fully allogeneic small-bowel transplantation from a BN donor.
Statistical analysis was performed using the paired Stadent’s t test and the Student’s t test
for two means with a p value less than (.05 considered significant.

The results show that the basal diamine oxidase activity measured preoperatively has 2
considerable variation, and that 1t has no validity in establishing zlterations following
smali-bowel transplantation.

Animals with a syngeneic total smazll bowel had a significantly increased postheparin
diamine oxidase activity during the experimental period compared to preoperative values.
In animals with an allogeneic total small bowel, postheparin diamine oxidase was pot
increased up 1o the fourth month after operation. Postheparin diamine oxidase activity was
significantly increased in syngeneic animals compared to allogeneic animals during the
first 4 months postoperatively. Previous work showed that in these rats no differepces
could be found monitoring weight, muritional serum parameters, and fecal fat excretion.
Therefore, we conclude that measuring postheparin diamine oxidase activity has potential
value in establishing the condition of the graft. The Increased values in syngeneically
transplanted animals indicate that the effects of the transplantation procedure induce an
intestinal adaptive response that is compromized in allogeneically animals. This may have
implications for the use of segmental small-bowel grafis.
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Introduction

Recent clinical experiences in small-bowel transplantation (SBT) are promising and
strengthen the belief that this will be the ultimate therapeutic treatment for patients with
irreversible small-intestinal faflure (1,2).

Following SBT, monitoring the graft is of utmost importance 10 have an indication of the
momentary graft function (3) and to be able to early recognize rejection (4,5).

The long-temm graft function of transplanted intestine can be influenced by both non-
immune as well as immune mediated factors. The non-immune mediated factors are
primarily caused by the wansplantation procedure itself and include denervation, lympha-
tic disruption, and ischemic and reperfusion injury (6,7).

Conflicting data have been reported on the long-term consequences of the procedure on
graft physiclogy. Steatorrhea and reduced D-xylose absorption were observed following
autotransplantation in adwlt dogs, which was ascribed to permanent extrinsic depervation
(8,9). However, in young dogs, recipients of a total autotransplant did not differ in
growth and functional graft indices (Chapter 5) from sham-operated controls, indicating
adequate graft function despite the presence of significant bacterial overgrowth. Among
the immune mediated factors that may influence the long-term functioning of the graft are
infilirating cells and their products (10,11). Little attention has been paid to the long-term
immaune mediated consequences on graft function. Previcus work (12) performed in our
laboratory showed long-term survival in 2 fully allogeneic total orihotopic SBT model.
During an imonmologically quiescent phase in which no rejection was encountered, the
functional capacity of the graft was studied by monitoring weight, determirnation of serum
parameters, and fecal fat excretion. Up to one year after wransplantation, no differeaces
could be detected compared to syngeneically transplanted rats using these parameters.

Serum acuvity of the enzyme diamine oxidase (DAO), an enzyme found almost
exclusively In the intestinal mucosa, serves as a sensitive circularing marker of mucosal
maturation and integrity {13,14). Because basal levels of the enzyme are just within the
detection limits, DAC is often measured after stirmulation with heparin, which releases
intestinai DAO from the gut into the peripheral blood (15). The postheparin DAQO activity
time curve is knmown to be reduced during intestinal atrophy and enhzaced during am
intestinal adaptive response (16,17). '

We examined the differences with time in basal as well as postheparin plasma DAO
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activity in resected rats that received either syngemeic or allogeneic SBT, im order to
determine whether DAO is a more specific tool to monitor the condition of the graft than
the previously studied tool (12).

Materials and methods

Animals

Male rats of 10 to 14 weeks cld (200-250 gram), that were bred under specific pathogen
free conditions, were obtained from Harlan-CPB (Austerlitz, The Netherlands). Inmbred
Wistar-Agouti (WAG-R:1"} and Brown Norway (BN-Rt1) strains were used,

Small-bowel transplartation
One-step total orthotopic SBT was performed as described in paragraph 8.2.

Experimental groups

Group i: Syngeneic SBT using adult WAG rats (n=6}.

Group 2: Fully allogeneic SBT wusing adult BN rats as donors and adult WAG rats as
recipients (n=6). Rats in both groups received imtramuscular CsA (Sandimmun, Sandoz,
Basel, Switzerland) in a dose of 15 me/kg at days O, 1, 2, 4 and 6. (Untreated comtrol
1ats reject their grafts in 12.8 + 1.0 days (18).

Measurement of DAO activity

Basal and postheparin plasma DAQ activity was determined preoperatively and then
monthly uetil 6 months. A blood sample, consisting of 1 ml blood obtained from the tail
vein, was coliected in heparinized tebes prior to administration of 100 Units/kg heparin,
and 15 mimres afterwards.

Diamine oxidase activity, expressed m Upits/mel, was determined as described in
paragraph 8.2.

Statistics

All data are expressed as means % standard deviation (SD) and were amalyzed using the
paired Student’s t test for comparisons between the same animals at different time points
with the preoperative value, and the Student’s t test for two means for comparisons
between the various groups at the same time point. A p-value less than 0.05 was
considered as the 2 priori level of significance.
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Results

Basal DAO levels

In Figure 1, the basal plasma DAO activities of rats with & symgeneic (group I) or
allogeneic (group 2) small-bowel (8B) graft are shown monthly up to 6 months after
surgery. Even the preoperative basal plasma DAO levels showed some variation. Basal
DAQ activity of syngeneically wansplanted animals was significantly different from
precperative values I, 3 and 5 months postoperative. For the allogeneically transplanted
animals the basal DAO activity was statdstically different from precperative values at 3
months. There were no significant differepces between the experimental groups.

Unrtssmi

mornths postoperative

Syngeneic Allcgeneic

a = 2<0.05 versws day O

Fig.1. Basal DAO actvities following either syngeneic or alfogeneic small-bowel transplantation.

Postheparin DAO levels

Figure 2 shows the DAO plasma levels in syngeneic (group 1) and aliogeneic (group 2}
total SB transplanted animals 135 minutes after stimulation with heparin.

The animais with a syngeneic itotal SB graft had a significantly increased posiheparin
DAQ activity during the total follow-up pericd compared to the preoperative value.

In animals with an zllogeneic total SB graft the postheparin DAO activity did not increase
up 1o the fifth month after operation as compared with preoperative values.

Between the experimental groups, significant differences in postheparin DAQ activity
could be found up to the fifth postoperative month, in that group 1 animals had higher
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levels. Both 5 and 6 months after the transplantation, no differences between the groups
were found.

Units/mi

12

a = p<B.05 versus doy O
* = p<0,05 versus syngeneid

Fig.2. Postheparin DAQ zctivities following either syngeneic or aflogeneic small-bowel transplantation.

Discussion

We have previously shown that ome year after surgery recipients of syngemeic-, and
allogeneic total SB transplants were not different from age-matched untreated control rats,
except for decreased plasma triglyceride levels (12). Between animals grafted with a
syngeneic or allogeneic graft, no such difference was found. Extensive apalysis showed
that totzl serum protein and afbumin concentrations, sertmn cholesterol values, fecal fat
excretion, percentage of split fatty acids, and weight gain were equal.

DAQ, Jocated primarily in the villus tip, is involved in the reguiation of mucosal growth
(19). The enzyme seems to act as a negative feedback regulator in intestinal growth in
that it inhibits crypt cell proliferation by degrading polyamines, essential components for
cell division. Erdman et 2 (20) bave shown that DAQO activity increases significantly
eatly after SB resection, a period characterized by adaptive emterocyte proliferation.
Inhibiting DAG, vsing aminoguanidine, enhanced the morphologic adaptation response
indicating that DAQ downregulates nonfunctional proliferative responses of the intestine.
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Several investigators have shown that following heparin admipistration, increase in
peripheral blood DAO levels derives almost exclusively from the intestine and reflect the
imtestina] DAO content more sensitively thap the basal plasmz DAO levels (21,22). In
chapter 4 of this thesis, it was demonstrated that postheparin DAO activity is 2 sensitive
measure for the adaptive response following resection, because it enablies to quantify the
degree of adaptation of resected rats fed different diets.

In this study we showed that basal plasma DAQO activities have a considerable variation
and we could not find alterations within the eXperimental groups in comparison with the
preoperative values. We forther demonstrated that measuring basal plasma DAO activity
reveals no differences between animals that received a syngeneic (group 1) or allogeneic
(group 2) graft. However, it appeared that the use of postbeparin DAO activity as marker
for the acmal condition of the graft epables to reveal differences between pre and
postoperative values as well as between group 1 and group 2.

In group 1 the postheparin DAQ activity was significandy higher during the follow-up
period compared to the preoperative value, This rise can be seen as an adaptive response
of the transplanied intestine to overcome the effects of the tramsplaniation procedure.
These non-immune mediated phenomena may diszegulate the hormonal, nevral, putritional
as well as the immumological function of the graft. The imcrease found in postheparin
DAOQO activity can be seen as a sign that the repair-phase has been started.

No such rise was detected in allogeneic twansplanted animals during the first 4 months
after the operation. The heparin stimulated DAQO activity was increased at 5 and 6 months
following allotzamsplantation compared to values measured preoperatively.

This indicates that the addition of an immunologic component delays the adaptation
process after mtestinal wansplaptation of the total SB. This finding may have implications
for the wansplantation of a segmental bowel graft. In that case, the segment shouid adapt
more repidly to compensate for the shortened length. These findings suggest that
segmental SBT may require ephancement of intestinal adaptation by means of specific
stimuli. On the other hand, it cammot be excluded that the grafting of a segmental
transplant may be the required igger for the omset of the adaptive response of the
intestine.
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L. DISCUSSION
CONCLUSIONS

A number of conditions in children, notably small-bowel (SB) atresias, malrotation with
midgut volvulus, gastroschisis, enterocolitis and extensive aganglionosis, may require
resectons that could result in the short bowel syndrome (SBS) (1,2,3). The common
causes of the SBS in adults inclode Chrohn’s disease and mesenteric infarction (4). Short
bowel syndrome is characterized by irreversible small-intestinal failure, being defined as
ipability 10 maintain mutrition and/or positive fluid apd electrolyte balance without special
measures (Chapter 1}.

This dissertation deals with “therapeutic modalities for the short bowel syndrorme”,
whereby emphasis is put on the valve of these options for children. The experimental
work can be divided into two parts, cach dealing with 2 different therapeutic option: (A);
ephancement of adaptation of the remairming bowel and (B); small-bowel transplantation
(Chapter 2).

Enhancemnent of adaptation

Extensive loss of intestine brings about functional as well as morphologic adaptive
changes in the remaining intestine. Functiopal adaptation is determined by numerous
factors, inchuding the absorption per enterocyte, intestinal tramsit time, the presence of the
ileocecal valve, intestinal contents and/or specific activities of brush border enzymes, and
bacterial colonization of the remaining SB (5,6,7). Increased exposure to (specific)
huminal nuirients, pancreatico-biliary secretions, trophbic effects of enteric hormones, and
neurovascular effects on the remaining intestine are major factors that stimulate mucosal
growth (8). The overall process is still unknown, but some factors that regulate the
morphology and function of the gut may be directly imerrelated, the overall process is
still unknown.

In an attempt to unravel the imterrelationship between active electrolyte transport
mechanisms and mucosal growth, we evaluated the value of In vivo electrophysiclogic
measurements for intestingl funciional adaptation in rats following near-iotal SB resection
{Chapter 3). Using in vitro techniques, other investigators (9,10) have already shown that
morphologic growth precedes functional adaptation. We found that histologic changes
precede functional adaptation of both sodivm-coupled ghicose absorption and theophylline-
stimulated chloride secretion, and that changes in the fleum precede chapges in the
Jejunom. At 3 weeks after resection the electrophysiologic responses to both glucese and
theophyliine in jejupum as well as fleum of resected animals were significantly lower than
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in sham-operated control amimals. These findings suggest that the complexity of the
adaptive events is indicated by regiom-related differences in mechanisms controlling
mucosal growth and fupction as well as by the exisience of dissociation between mucosal
growth and components of functional adaptation. One explanation for the impairment of
the electrophysiologic respomse at this time point Is am alteration in tight junction
permeability. Madara (11) highlighted the important role of tight junctions in intestinal
barrier function as well as the maimtenance of epithelial ceil polarity, as prerequisite for
vectorial tramscelfular transport. The analysis of possible changes in occluding jumction
struciire and function should be the subject of future experiments.

Studies om biochemic and biophysic aspects responmsible for fumctional alterations
following resection have received little attention so far. These aspects include alterations
in brush border membrane composition (comients of cholesterol, total and mdividual
phospholipids, and fatty acyl constiments should be assessed), transporter activity as well
as protein and mRNA levels of the wansporter. These aspects have been smdied already
in other types of intestinal adaptation like respomse to aging, variations in and composition
of the diet, and models of disease such as diabetes and chronic ethanol digestion
(12,13,14).

Increases in absorptive capacity of the residual gut in response 1o bowel resection have
been found with regard to carbohydrate, lipid, and amino acid absorption, and alterations
in absorption following dietary modifications have been recognized (15,16).

In chapter 4 of this thesis, a rat study is presented in which the effect of a diet with
partial hydrolyzed proteins on intestinal adaptation is compared with an identical diet with
intact proteins. This study indicates that a diet with partial hydrolyzed proteins has no
clear superiority over a complex diet with regard to improvement of the adaptation
process. The necessity of a predigested diet in the standard treatment of the SBS is
probably one of the many fallacies of enteral feeding (17,18). The results give am
experimental basis for a clinical trdal in SBS patients iz which diets with partal
hydrolyzed proteins are compared with diets with intact proteins. The high costs and the
possible side effects of specialized food products are additonal reasons to start a clinmical
trial-

In future studies, the emphasis should be put on determining the potental factors leading
t0 enhanced lipid uptake such as: alterations in the passive permeability properties of the
brush border membrane, and the factors leading to ephanced glucose uptake (alterations i
the activity, the protein or the mRNA level of the glucose transporter). These stdies will
give Insight into the mechanisins responsible for upregulation of nuirient tranmsport
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following resection. Based on this knowledge, it may be possible to maximize the process
of adaptation to resection by feeding nutriemt compoments that have the sbility to
upregulate In a synergistic manner.

Small-bowel transplantation

Experimental basis

Froma the literature and previous work inm our laboratory {19,28,21), 1t can be concluded
that SB grafts can survive for ar least one year in both rat and dog. Clinical efforts to
undertake SBT in humans have started over the last few years although the optimal
requirements are still unkeown (22,23). Therefore, it is not very surprisingly that both in
Paris and in Pimsburgh one has to decide to stop the clinical programs because of the bad
overall results. Before starting again, it would be worthwile to have available an
immunosuppressive protocol that achieves successful graft survival without rejectdon and
toxic side-effects, as well as clarity about the long-term physiologic consequences of SBT.

In a pre-clinical animal medel using adult Beagles, we demonstrated that MHC-matching
had a bepeficial influence on the survival of segmental SB grafis transplanted in a two-
stage manner, and that it is possible to achieve long-term survival with an oral dose of 30
mg/kg/day of cyclosporine A (CsA) (24,25). Using this dose, we were confronted with
the toxic side-effects of CsA Bke wart formation and infections. Furthermore, in children
there was no experimental evidence that an intestinal graft is able to maintain growth,
development and mararation. Thus, we felt that before making SBT a practical therapeutic
option for children further research in a young growing animal was required.

Necessity of selective decontaminarion of the graft

In chapter 5 of this thesis, we examired the role of ome-stage total orthotopic small-
intestinal autotransplantation in growing individuals. The one-stage transplantztion
procedure was fraught with inordinate morality of 75%, due to postoperative
complications inchuding electrolyte problems, invagination apd infectiops. A two-stage
segmenta] 2llotransplantation procedure in young dogs (chapter 6 and 7) showed that
SBT i a2 young individual gives 2 “stormy" postoperative course and that selective
decontamvination of the gut apd early gastrostomy feeding are necessary to overcome the
postoperative problems. This is in accordance with the reported high incidence of
infectious episodes after human SBT (26). The few long-term surviving dogs that received
an autotransplant showed a normal growth pattern and normal D-xylose and fat 2bsorption
despite the presence of bacterial overgrowth in the graft. The bacterial overgrowth was
not caused by exwemely discoordinated motor complexes as a normal transit Gme was
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found. This study suggests that the non-immunclogic effects of intestinal transplantation,
although causing bacterial overgrowth, do not promeote bacterial tramslocation in the long
rup. There is, however, scme evidence indicating that the combination of imtestimal
bacterial overgrowth and host imunumosuppression synmergistically promotes translocation
of gastrointestinal bacteriz (27). This may imply that selective decontamination of the
digestive tract is needed at Jeast temporarily before and after allogereic transplantation to
avoid episodes of infection, and thus underscores the above- mentioned results following
two-stage segmental allotransplantation.

MHC Matching

In chapter 7, we examined whether MHC matching paves the way for using a reduced
immunosuppressive regimen of 20 mg/kg/day of CsA in growing Beagle puppies,
weighing 5 - 6 kg, that underwent a iwo-stage segmental alloramsplantation. The graft
was 1 meter jejunoileum, MHC-matched for 2 haplotypes, deriving from an adult donor.
It was shown that this modality effectively prolonged intestinal graft swrvival without the
toxic effects of the higher CsA dose. It might well be that matching in buman SBT, in
adults as well as in children, also provides a basis for using an LumUDOSUPPIEssive
protocol that leads to Jong-term graft survival without the complications of administering
high doses of immunosuppressiva.

Functional assessment of the graft

Foliow-up of graft function following wansplantaton of 1 meter jejunoileum showed
normal D-xylose absorption, normal values of serum parameters, but mmcreased fecal fat
excretion and lactnlose/mannitol excretion ratios as well as compromised growth. It was
concheded that a segmental graft under CsA regimen is unable to maintain the normal
growth pattern without specific puwitional interference in the critical postoperative phase.
After CsA treatment was siopped, a catch up growth was found before rejection iook
place, This finding indicates that a segmental SB graft uader CsA regimen functions
suboptimally to allow pormal growth and development and that the condition of the graft
is more important than the length of mansplanted bowel. However, it seems reasonable
that if a segmental graft under CsA regimen functions and adapts subopiimally, as much
bowel length as possible should be transplanted. The Importance of this is further stressed
by findings in rat models (20,28) in which rats transplanted with a segmental allograft
developed impaired nutritional parameters, in comtrast to rats that received a total SB
eraft.

Sigalet et al (29) found that CsA had a significant effect on bowel function in the normal
rat. CsA administration, imdependent of route of adiinistration, caused a reduction in
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both active glucose transport and passive fatty acid absorption by the bowel.

No experimental data on the vse of FK 506 in SBT in growing recipients are available.
Future research should be aimed 10 2 better understanding of the influence of FK 506 and
CsA on the mechanisms of nutrient absorption and intestinal adaptation, so that strategies
t0 minimize the effects on bowel function can be devised. Nutritional intervention by
adding polyamines, short chain fatty acids or glutamine to improve the degree of
adaptation of a segmental graft way be of value (36,31,32). However, one should not
consider these components as trophic factors per se. A recemt study reported that adding
ghutamine to TPN ephances the intestinal mucosal immune function by preserving the
ability to produce sigA-synthesizing plasma cells (33). In other studies it was noted that,
for example, arginine supplementation imcreases thymic weight and echances the
responsiveness of T-lymphocytes to mitogens (34). This may have further fmplications for
application in SET in that so called immunonrutrition could improve the overall immune
function of 2 recipiemt and may therefore be associated with increased risk of graft
rejection. Further studies are needed to select nutrients that preserve or enhance imtestinal
function but do not bave a stimulating influence on the immune status of the transplamt
recipient.

Advanced graft monitoring

Now SBT in the near future is expected to become a widely applied technique in patients
sufferimg from Irreversible intestinal failure, it has been realized that monitoring the
intestinal graft is important.

In chapter §, we examined the value of ultrasonography for monitoring the postoperative
course after SBT. Regular monitoring proved to be useful in detecting early
complications, including imtussusception, thrombosis and postoperative ieus. Therefore
we do recommend ulirasonography as a useful tool in the multidisciplinairy support after
SBT. Using in vitro uhrasonography, we identified villous sloughing associzted with
rejection in ome case. A recent study of Cheung et 2zl (35) confirms this finding by
demonstrating that it is possible to differentiate between normal apd abnormal changes in
the bowel wall after SBT with acceptable sensitivity and specificity.

In additiop, monitoring the graft during the postoperative course following SBT is
necessary for early detection of acute rejection and the adjustment of treatment. The value
of mucosal biopsies as a tool 10 monitor rejection has Limitations because of its patchy
character and invasiveness (36). Although intestinal permeability studies are now available
10 assess rejection (37), studies are still focussed on the search for a simple sensitve
sermm  marker. We previously examined the value of monitoring the enzyme N-
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acetylhexosaminidase in acute rejection and found that substantial ischemic damage
occurred before enzyme levels rose (38). In chapter 8.2, we cvaluated the prognostic
value of serum diamine oxidzse in acute SB rejection in rats. Monitoring this enzyme was
of no value because the SBT procedure itself Is responsible for fluctating serum DAO
levels in the early postoperative period in rats.

The long-term follow up of patients after orthotopic SB grafting should inchude a number
of functional and permeability tests to swudy graft function and to diagnose chronic
rejection in an early phase to rescue the graft. Routine absorption tests, inchading the
lactulose-mannitol test and fecal fat apalysis may indicate good functionimg of the graft
(39). In chapter 8.3, we examined whether plasma and postheparin DAC values could
serve as a sensitive roarker of the functional status of the graft after intestinal allografting
in rats. We concluded that measuring postheparin DAQ activity has potential value in
assessing the condition of the graft. Whether a specific test alone provides sufficienmt
information on the behavior of the graft or whether combined restlts of some of the
above mentioned tests gives more specific znd/or sensitive information is a question that
will have 10 be clarified by further experiments.

Future prospects

There are a number of gaps in our fundamental knowledge. These include the optimal
solution for intestinal preservation, the factors responsible for the severity of SB rejection,
the immunologic mechanism responsible for reduced immunogenicity of a combined smali
bowel-liver graft, the value of an auxiliary liver graft in comibination with a SB graft, the
role of GVHD, the role of microchimerism (40), and the metabolic profile of transplanted
intestine and the effect of nutritional intervention on it.

Despite these gaps, clinical experience takes up the rumning from experimental studies by
now. It can be gquestioned whether It is justifigble to start a climical SBT program before
the basic requirements as optimal immmunosuppression and knowledge abows the lopg-term
comsequences of the transplentation procedure have been extensively smudied in a pre-
clinical animal model. It is questionable whether these requirements had been met at the
time the clinical programs in Pittsburgh, Toronto and Paris were started. However, seeing
that they have already begun, the insights that will be derived from the current clinical
cases in SBT will be highly valuable because the patients are extensively monitored.
These insights, together with the experimental studies that are now being performed, will
give direction to the experimental need of SBT and to the way in which it can be achieved
succesfully.
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New avenues that deserve further experimental attention as poteptial alternatives to
intestinal transplaptation inciude the transplantation of selective enterocytes (41) or
transplantation of the colon. Preliminary results suggest that colon tramsplantation
produces a milder rejection response than transplantation of the small intestine (42).
Moreover, from a physiologic point of view a large bowel would probably be a wonderful
transplant, having enormous adaptive capacity, especially if supplemented with fiber.
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Chapter 1

This chapter treats the role of non-muritive and puiitive factors in promoting adaptation
of the remaiming small-bowel (SB) after massive SB resection, and summarizes the
present state of experimental and clinical small-bowel wapsplamtation (SBT) in growing
individuals. Following extensive SB resection, total parenteral awtrition (TPN) is
indigpensable for a short or long time. The influence of enteral mutrition on the ingestinal
adaptation process has been widely recognized, aithough little information is available on
the precise functoning of the complicated process of imtestinal adaptation found after SB
resection. It is unknown whether the adaptative respomse can still be optimalized and
which diet is most suvited In the adaptive phase. About 2-3 patients per million of
population per year turm out to have irreversible imtestinal fallure and remazin totaily
dependent on. TPN. These patients have a considerable risk of serious complications, aund
the long-term outlook for children is even less favorable because they have a higher risk
of liver impairment than adolts. Moreover, children have even limited adequate venous
access and need specific notriion to grow and develop normally. One reasonable
alternative to TPN is SBT. This technique is on the verge of becoming am established
technique in traumsplant medicine, although there is still no experimental evidepce that an
intestinal graft is able {0 maintain growih, development, and maturation in juvenile
recipients. Thus, for now, ethical decision making has tc be on basis of full awareness
that the transplantation procedure still bas an experimental character.

Chapter 2

In this chapter, the aims of the experimental work are formulated. On the one hand,
adaptation-related experiments are performed to get insight in the infestinal adaptation
process and the contribution of predigested mutrition. On the other band, transplantation-
related experiments are performed.

Chapter 3

An in vivo electrophysiologic technique, by which transepithelial potential differences in
response to theophylline- or glucose containing test solution are measured, was used to
monitor intestinal adaptation both 3 and 10 weeks following 90% SB resection in rats.
The experiments reveal that in the early phase of adaptation the histologic changes
precede in vivo electrophysiologic parameters. This points at a separation between
morphologic and fonctiopal adaptive changes, and indicates that different factors (both
nutritive and nop-putritive) may regulate the morphologic and/or functional adaptation
differently.
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Chapter 4

This chapter examines the relative importance of food complexity and food composition in
promoting intestinal adaptation afier SB resection in rats. To this end the rats were fed
either normal rat chow, an diet with partial bhydrolzed proteins, an identical diet with
imtact proteins, or 2 npomn-identical diet with inmtact proteins. Two and 10 weeks after
resection the adaptive state was evaluated by means of the following parameters:
metabolic states, putritional serum parameters, postheparin DAC activity, histology, and
crypt cell proliferative activity. The resulis show that a diet with partail hydrolzed
proteins is as effective as an identical diet with intact proteins in inftiating and supporting
adaptation. In the first two weeks, the non-identical diet with intact proteins was superior
to these diets, suggesting that the influence of diet composition on the early adaptive
phase following resection is superior to that of diet complexity.

Chapter 5

The non-immunologic effects of SBT in a growing individual were investigated by
performing one-stage total orthotopic SB autotransplantazion im dogs. This operation
technique bad an high mortality rate due to non-techmical complications (80%). Analysis
of the surviving animals showed that the function of an autotransplanted bowel is not
impaired, peither in the short term (paragrapk 5.1) mor in the long run (paragraph 5.2).
Adaptive functional and morphologic changes were seen after one year together with
bacterial overgrowth in terminal ileum and colon.

Chapter 6

The value of ultrasonography for monitoring the postoperative course after SBT was
determined in growing dogs. It appeared that this techmique is useful in monitoring early
complications following SBT.

Chapter 7

In this chapter, the role of a two-stage segmental SB allowansplantation inn the xeatment
of the short bowel syndrome in growing dogs was investigated. The dogs received
cyclosporine A; CsA (20 mg/kg/d) as immunosappressive agent. It appeared necessary to
add selecuve decontarmination and early gaswostomy feeding to the perioperative
magpagement protocol. Six months follow-up learned that 2 segmental intestinal transplant
with CsA functions suboptimally in maintaining the normal growth and development. This
means that without specific putritional interference in the early postoperative phase, a
segmental intestinz] aliotransplant, under CsA, has not the potential to maintain normal
growth in 2 growing individuai.
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Chaprer 8

Paragraph 8.1 presents 2 review of the historical background and the biochemic- and
functional aspects of DAQ. The value of this enzyme 2s serum marker of acute rejection
following allogeneic total orthotopic SBT was studied in rats (paragraph 8.2). The results
indicate that monitoring of serum DAO has no value in early detection of acute rejection
of SB grafts. The significance of postheparin DAQO assessmept for the evaluation of graft
fanction was investigated in paragraph 8.3. It appeared that postheparin DAO activity is 2
reliable indicator for graft function, showing that syngepeically transplanted rats had a
higher activity during the first 4 months compared t0 allogeneic apimals. This mplies that
immunologic factors have a negative effect on the adaptive response of the intestine
following SBT.



Hogfdstuk 1

In dit hoofdstuk wordt uiteengezet welke 1ol voeding en andere componenten spelen bij
stiznuiatie van het adaptatieproces van de overgebleven dumnne darm na uitgebreide dubne-
darm resectie. Daarnaast wordt de huidige stand vam zaken besproken van zowel de
experimentele als de klinische dunpe-darm mansplaniatie bjj kinderen. Na uitgebreide
dunne-darm resectie is totale parenteraie voeding (TPV), voor koriere of langere tijd,
onmisbaar. Dat emterale voeding var betekenis is voor het ntestipale adaptatieproces is
algemeen bekend, hoewel we weinig weten over hoe de adaptatie nu eigenlijk tot stand
komt. Het is daarom onduidelijk of de adaptatierespons nog kan worden verbeterd en met
welke voeding een optimazl resultaat behaald kam worden. Omgeveer 2-3 patiénten per
miljoen inwoners per jaar biffken omomkeerbzar darmfalen t© hebben, en derhalve
levenslang afhankelik te zijn van TPV, Deze pati€mien lopen een groot risico om €n van
de vele complicaties te ontwikkelen die met TPV gepaard gaan. Vooral voor kinderen zin
hierdoor de uitzichten op de lange termijn beperkt. Het transplanteren van de dunne darm
zou een alterpatief kunner zijn voor behandeling met TPV. Darmtransplantatie staat op
bet pumt om een erkende technick te worden in de transplantatiegeneeskunde, hoewel er
momentee] DOg geen expefimentcel bewijs is dat een darmitransplantaat in staat is om de
groei en omwikkeling van een kind t¢ waarborgen. Daarom zal heden ten dage een
beslissing over het uitvoeren van een dunpe darmitransplantatie bij esn groeiend individu
gemomen moeten worden op basis van e¢n ethische afweging.

Hoofdstuk 2
In dit hoofdstuk worden de doelstellingen van het experimentele werk geformuleerd.
Enerzijds zijn er experimenten witgevoerd om inzicht t¢ verkrijgen in het intestinale
adaptatieproces en de rol van voorverteerde voeding op dit proces. Anderzijds zijn er
experimenten uitgevoerd om een azmial aspecten van dumnne darmtransplamtatie te
bestuderen.

Hoofdstuk 3

Een in vivo electrofysiologische techniek, waarmee tramsepitheliale potentiaalverschiller
als reactie op een theophylline of ghucose bevattende testoplossing worden gemeten, werd
gebruikt om zowel drie als tien weken nz een 90% dunne-darmresectie het intestinale
adaptatieproces in de rat te bestuderen. In een vroeg stadium vap de adaptatie bleken de
histologische veranderingen voor i lopen op de in vivo electrofysiologische parameters.
Hiermee wordt aangetoond dat er een verschil is tussen de morfologische en functionele
aanpassingen. Verschillende factoren (zowel nutritionele als andere) kunnen deze vormen
van adaptatie op verschillende wijze befnviceden.
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Hoofdstuk 4

In dit hoofdstuk wordt in de rat bestudeerd wat het relatieve belang van voorvertcerde
voeding is bij de bevordering van het adaptatieproces na dunne-darmresectie. Vier
groepen ratten kregen respectievelilk pormaal ratten-voer, een voeding met partieel
gehydrolyseerde eiwitten, of een qua samepstelling hieraan identicke dan wel niet
ideptieke voeding met intacte eiwitten. Twee en tien weken na de resectie vond evaluatie
van de adaptatie plaats met behulp van de volgende parameters: het stofwisselingspatroon,
nutritionele serum-parameters, de postheparine DAQ activiteit, de histologie en de
delingsactiviteit van de crypt cel. De resultaten tonen aan dat de voeding met partieel
gehydrolyseerde eiwitten even effectief is als de hieraan identicke voeding met fntacte
eiwitten bij het infti€ren en in stand hounden van het adaptatieproces. In de eerste fase
bleek de niet-identicke voeding met intact eiwitten superieur te zijn aan de andere geteste
voedingen, hetgeen impliceert dat tijdens deze fase de samenstelling van de voeding een
grotere rol speelt den de mate van voorveriering.

Hoofdstuk 5

In dit hoofdstak worden bij de Beagle pup de niet-immmumologische gevolgen beschreven
van een €én-staps autotransplantatic van de gebele dunne damm, die orthotoop geplaatst is.
Deze operatictechniek bleek gepaard te gaan met een hoge postoperatieve mortaliteit
(80%). Uit een analyse van de funkte van hei trapsplantaat bij de overlevende dieren
bleek dat de funktie van een autotransplantaat zowel op de korte termijn (paragraaf 5.1)
als op de lange termiin (paragraaf 5.2) gewaarborgd blijft. Een jaar na trensplantatie
werden functionele en ook meorfologische aampassingen gevonden naast een bacteriele
overgroei in het terminzal deum en colon.

Hoeofdstuk 6

In dit hoofdsiuk wordt de waarde van sonographie in de postoperatieve fase nz een dunne-
darmtransplantatie vastgesteld. Deze techniek is zeer bruikbaar om vroege complicaties
vast te stellen.

Hoofdstuk 7

In dit boofdsmk wordt onderzocht wat het effect is van een twee-staps, MIIC getypeerde,
allotransplantatie van een gedeelte van de dunne darm op het groeipatroon van de Beagle
pup met het korte darmsyndroom. Cyclosporine A (20 mg/kg/d) werd gebruikt als
immunosuppressivam. Duidelifk is geworden dat het noodzakelifk is selectieve
decontaminatie van de tractus digestives en, in een vroeg stadium, voeding via een
gastrogtomie toe te voegen azn het bebandelingsprotocol. Observatie gedurende eem half
jaar wees uit dat tjdens de behandeling met cyclosporine A ¢en suboptimaal groeipatroon
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sanwezig is. Hieruit kan worden geconcludeerd dat zonder speciale voeding in de vroege

postoperatieve fase een segmentaal dasmtramsplantzat onder cyclosporine gesn mormale
groei kan waarborgen.

Hoofdstuk 8

In paragraaf 8.1 wordt de historische achiergrond en de biochemische en functionele
aspecten van het enzym Diamine oxidase (DAO) besproken. De waarde van de seram
DAQO concentratie voor het aantonen van acute wansplantzatafstoting werd onderzocht bij
de rat na een allogene totale orthotope dunne darm transplantatie. Serum DAO blijkt geen
goede indicator t¢ Zijn voor bet asmtonen vam acute afStoting van een dunpe darm
transplantazt (paragraaf 8.2). In paragraaf 8.3 wordt de betekenis van de postheparine
DAQ akuiviteit als indicator voor het funktioneren van het wansplantaat vastgesteld. Bjj dit
experiment werden syngeen getransplamteerde ratten  vergeleken me: allogeen
getransplanteerde  ratten. De  postheparine DAO  akuviteit bleek bij syngeen
geiransplanteerde Tatten gedurende de cerste 4 masnden significant hoger te zijp. Dit
betekent dat de bijkomende fmmunologische factoren bij allogeen gewransplanteerde ratten
een vertragend effekt op de adaptatieresponse hebben.
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LIST OF ABBREVIATIONS

AF alkaline phosphatase

ALB albumin

ALT alanine aminotransferase

ASAT aspartate aminotransferase

BN Brown Norway

BUN bleod urea nitrogen

c-AMP cyclic adenosine monephosphate
CCK Cholecystokinin

CFU colony forming units

CHOL cholesterol

CsA cyclosporine A

DAQ diamine oxidase

DLA dog lencocyte antigen

GVHD graft-versus-host disease

HLA human leucocyte antigen

im. intramuscular

iv. intravenous

LCT long chain triglycerides

MCT medium chain wiglycerides
MEC major histodompatibility complex
MLC mixed lymphocyte culture
MLIN mesenterial lymph node

MMC migrating motor complex

oBC ornithine decarboxylase

1] mmber of observations/animals
P level of sigpificance

PBS phosphate buffered saline

PD potential difference

SB small bowel

SBT small-bowel liver transplantation
sBS short bowel syndrome

SBT small-bowel transplantation

s subcutaneous

SCFa short chain fatty acids

SCT short chain triglycerides

sD standard deviation

SDp selective decontamination of the digestive tract
SH sham operation

siga secretory Imamupogiobulin A
TBIL total bilirubin

P total protein

TPN total parenteral nutrition

TRIG triglyceride

8] e

WAG Wistar Albino Glaxo
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