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Abstract

Two kinds of surgical models of small intestinal transplantation (SITx) in rats, namely hetero-
topic (HIT) and orthotopic transplantion (OIT), have been reviewed. In OIT, the small intestine
of the recipient is removed and the transplanted intestine replaces it in continuity. On the other
hand, in the HIT model, the small intestinal grafts are rendered dysfunctional without alimen-
tary tract continuity. Histological evidence showed that acute rejection appeared earlier in HIT as
compared to OIT. Hyperplasia and hypertrophy of the muscularis externa produced in the chronic
rejection process were more pronounced in HIT allografts. The HIT grafts showed severe mucosal
atrophy due to the lack of intraluminal trophic factors, because oral feedings can stimulate tropic
hormones for mucosal growth, and provide nutrients for enterocytes. Intestinal permeability was
consistently higher after HIT than after OIT. The HIT grafts demonstrated less contractility and
less response to chemical stimulation than did OIT grafts. The OIT models are advantageous in
studies of intraluminal nutrients, and intestinal secretions in these models might modulate the in-
testinal immune status and possibly delay rejection. The superior intestinal barrier function and
the delayed onset of rejection in OIT rats suggest that nutrients and other factors in the succus
entericus are important for the maintenance of intestinal graft function.
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Two kinds of surgical models of small intestinal transplantation (SITx) in rats, namely heter-
otopic (HIT) and orthotopic transplantion (OIT), have been reviewed. In OIT, the small intestine
of the recipient is removed and the transplanted intestine replaces it in continuity. On the other
hand, in the HIT model, the small intestinal grafts are rendered dysfunctional without alimentary
tract continuity. Histological evidence showed that acute rejection appeared earlier in HIT as
compared to OIT. Hyperplasia and hypertrophy of the muscularis externa produced in the chronic
rejection process were more pronounced in HIT allografts. The HIT grafts showed severe mucosal
atrophy due to the lack of intraluminal trophic factors, because oral feedings can stimulate tropic
hormones for mucosal growth, and provide nutrients for enterocytes. Intestinal permeability was
consistently higher after HIT than after OIT. The HIT grafts demonstrated less contractility and
less response to chemical stimulation than did OIT grafts. The OIT models are advantageous in
studies of intraluminal nutrients, and intestinal secretions in these models might modulate the
intestinal immune status and possibly delay rejection. The superior intestinal barrier function and
the delayed onset of rejection in OIT rats suggest that nutrients and other factors in the succus
entericus are important for the maintenance of intestinal graft function.
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he unique immune response after small intestinal

transplantation (SITx) has been the subject of
extensive research using rat as small animal models. Rat
model is a well-established, inexpensive, and ethically
acceptable, and various inbred strains of rats with well-
defined histocompatibility properties are available. More-
over, the existance of inbred strains allows for re-
producibility and defined immunobiological conditions.
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Since Monchik and Russel described the first rat model of
heterotopic SITx in 1971 [1], various immonological
reactions have been studied [2-13].

Generally, 2 kinds of models of rat small intestinal
transplantation (SITx) including heterotopically trans-
planted (HIT) [6-9] and orthotopically transplanted
(OIT) have been used so far[5, 10-13]. In OIT which
was developed by Kort et al, the small intestine of the
recipient is removed and the transplanted intestine
replaces it in continuity [4]. On the other hand, in HIT
model, the small intestinal grafts are rendered dysfunc-
tional without alimentary tract continuity. The recipient’s
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intestine is not removed in HIT.

Each model has both advantages and pitfalls, and it is
important to choose appropriate models in accordance to
the purpose of the study [15]. Here, we compared the
advantages and disadvantages of these 2 surgical models
based on the review of the previous literature and our own
experiences in details.

Surgical Procedure

Heterotopic model (Fig. 1A). Two different
methods of HIT have been commonly used so far [16].
In one, one end of the graft is placed as an ileostoma
while the other is placed as a duodenostoma in the
abdominal wall of the recipients [1, 17-21]. In the other
model, the anal side of the graft is anastomosed to the
terminal ileum of the recipient while other is sutured to the
abdominal wall as a duodenostoma [17, 18].

Donor operation. The aorta above and below
the origin of the superior mesenteric artery (SMA) is
mobilized by ligating and dividing the renal and lumbar
arteries. After systemic heparinization and ligation of the

Fig. IA

Heterotopic model
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distal abdominal aorta, the donor whole small bowel is
harvested based on a vascular pedicle consisting of the
superior mesenteric artery with a part of aorta, and the
portal vein which is transected near its bifurcation.
Recipient operation.  After the inferior vena
cava (IVC) and the aorta are released from surrounding
connective tissue and cross-clamped with microvessel
clips below the left renal vessels, the arterial end-to-side
anastomosis is performed first under a surgical micro-
scope using 10-0 prolene. Secondly, the donor portal
vein is placed end to side into the recipient IVC by
running sutures using 10-0 prolene. The ends of the
small intestine are exteriorized and sutured to the abdomi-
nal wall as ileostomies. The abdominal wall is then closed.
Orthotopic model (Fig. 1B). Generally,
there are 2 kinds of OIT: the one-stage OIT described
here and two-stage OIT, where the first step is the
heterotopically transplantation as described above is ortho-
topically set 2 or 3 weeks later [18, 19]. We use the
one step operation, because its surgical mortality is
comparable with two-step technique (unpublished data).
The preparation of the donor and vascular anastomoses in

Fig. 1B Orthotopic model
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Table | Different susceptibilities to posttransplant events in allo-small intestinal transplantation between HIT and OIT
] Muscle
.Acu.te C.hm.n'c MUSde contractilit Permeability*®
rejection'® rejection® thickness 28
(5days) (90days) (90days) Y (<4week)
(90days)
HIT Mild Severe Severe Poor High
oIT No Moderate Mild Well Low

HIT, heterotopical intestinal transplantation; OIT, orthotopic intestinal transplant.

the recipients are the same as in HIT. The operation step,
which differs from HIT, consists of resection of the
recipient’s small intestine by ligatures of the mesenteric
vessels. Then anastomosis of the oral end of the graft to
the duodenum of the recipient is accomplished by an
end-to-end procedure using a continuous one-layer suture
of bioabsorbable material.

Surgical Aspect

The data presented in this section are based on our
own experiences. Inbred adult male ACI (RT1% and
Lewis (RT1!) rats weighing between 200-300 g were
purchased from the Seiwa experimental farm (Fukuoka,
Japan). For fully allogeneic SITx, ACI and Lewis rats
were used as recipients and donors, respectively. Lewis
rats served for syngeneic combination. No immunosup-
pressive drug was administered to the recipients.

One-stage OIT requires 8637 min starting from the
beginning of the removal of the donor intestine to the
completion of its insertion into the recipients (n=8). For
HIT, 55%4 min was needed, which was shorter than
OIT because of the lack of intestinal anastomoses (n=5).
Preissner et al. [22] reported that the entire OIT opera-
tion took about 120 min and long-term survival rate was
more than 90% with sufficient microsurgical practice and
experience. Zhong et al. [16] reported that the opera-
tion time needed for HIT and OIT were 1052=15 min and
120414 min, respectively, and that their success rate
regarding of HIT (90%) and OIT (86%) were compa-
rable. The technical factors reported previously were
similar to those of our institute.

In syngeneic combinations including OIT (n=5) and
HIT (n=3), all recipients were healthy and survived
over 60 days with intact grafts. The OIT recipients in
fully allogeneic combination died within 7 days due to
rejection (n=4), whereas 3 of 5 HIT animals could
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survive over 30 days with rejected grafts. Although HIT
grafts, especially segmental grafts, are severely rejected,
they often become encapsulated and do not lead to recipi-
ent death [18]. The rats with rejected orthotopic grafts
develope intestinal obstruction, which lead to severe
dehydration, malnutrition, profound weight loss, and
perforations. On the other hand, the rats with hetero-
topically transplanted grafts can maintain a normal intake
of fluids, electrocytes, and nutrients via their native
intestine, which was left intact.

The main advantage of HIT is to avoid intestinal
anastomoses. The complications in intestinal anastomoses
are most commonly observed in OIT, especially in fully
allogeneic SITx. Especially, volvulus and distal anas-
tomotic obstruction have been frequently reported [13].
These complications were thought to be immunologic
complications rather than technical complications because
they were commonly seen in lightly immunosuppressed
animals and high-responder combinations [13].

Although the postoperative care of rats having under-
gone OIT is simple, a problem associated with HIT is
that the maintenance of the stomas can be extremely
complicated. In the HIT rats lose large amounts of fluid
through the stomas. The early postoperative period, the
transplanted intestinal lumen becomes filled with mucous
secretion that needs to be irrigated out in order to prevent
excessive dilatation [ 20, 21]. Moreover, HIT recipients
need to be housed individually to prevent stomal cannibal-
ism [22].

Immunological Aspects

Assessment of graft rejection. The diagno-
sis of graft rejection is very important. When the trans-
planted grafts are acutely rejected, OIT models lead to
the recipient’s death. However, HIT grafts often do not
impair recipient survival, as mentioned before. As it is
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hard to determine graft rejection in surviving recipients in
HIT models, it is widely accepted that graft survival
could be diagnosed by clinical signs, palpation of the graft
for induration, and examination of the stomas pallor and
stomal closure [18-21]. This approach is likely to be
very subjective, but no significant difference was seen
between 2 method in making diagnosis of graft rejection
(HIT; 5.0£0.71 days versus OIT; 5.820.84 days,
P=0.07056, Student’s t test). For pathologic studies,
sequent biopsies taken from the ileostomy at different time
points are available in the HIT model [5-8]. An endo-
scopical approach for the transplanted intestine is also
possible in the HIT model, which is reported to be
effective for early detection of rejection [9].

Morphological changes. Grant et al [15]
compared the onset of rejection using semiallogeneic
combinations (Lewis-BN F1 to Lewis ). Although
untreated HIT grafts on POD 5 showed early and mild
rejection with blunted villi and decreased numbers of
goblet cells, OIT grafts demonstrated a normal appear-
ance on POD 5 and present mild lymphocyte infiltration
and sloughing of villi on POD 7. Histological evidence of
acute rejection appeared earlier in HIT than in OIT.

Chronic rejection processes produced a further
increase in the thickness of longitudinal and -circular
muscle layers. Heeckt et al [23] measured the thick-
ness of the graft’s muscularis externa due to hyperplasia
and hypertrophy using immunohistochemical staining with
rhodamine-labeled phalloidin. They used ACI to Lewis
combinations and gave 15 mg/kg of cyclosporin A (CyA)
intramuscularly (POD0-6 daily, POD7-28 every other
day). The muscular thickness measured on POD 90 were
278+£26.6 ym in OIT and 45650 gm in HIT, respec-
tively. Thus, hyperplasia and hypertrophy of the mus-
cularis externa were more pronounced in heterotopic
grafts. They also reported microscopical findings of
hematoxylin-eosin-stained cross sections of the grafts.
The OIT grafts showed only moderate signs of inflamma-
tion in the crypts and sometimes a slight blunting of the
vill., However, HIT grafts showed severe mucosal
atrophy with intact epithelium but also expressed a
marked loss of villous height.

Oral feedings can stimulate tropic hormones for
mucosal growth [16], and provide nutrients for entero-
cytes [18]. Mucosal atrophy seen in the heterotopic
allografts is most likely due to the lack of intraluminal
trophic factors [24, 25]. In HIT grafts, it might be
difficult for mucosa to regenerate against the insults of
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rejections. Actually, it has been reported that the prolifer-
ative effects of hepatocytes under allograft rejection ame-
liorate the outcome of hepatic graft, since this regenera-
tive potential can compensate for and protect rejected cells
[26,27]. Itis likely that a similar explanation is valid for
SITx.

Intraluminal Bacteria. It has been reported
that bacterial translocation and the development of sepsis
after small bowel transplantation may be promoted by
immunological damage to the intestinal mucosa or by
quantitative and qualitative changes in intestinal microflora
[28, 29]. Price et al. [28] described a very interesting
phenomenon: an overgrowth of pathogenic organisms
occurs following rat heterotopic small bowel transplanta-
tion, with this overgrowth in the heterotopic graft return-
ing to a normal bacterial profile after orthotopic transposi-
tion at 14 days following surgery. These findings suggest
that early interposition of a small bowel graft into an
orthotopic position may prevent an alteration in the small
bowel ecology toward potentially pathogenic organisms
capable of translocation. They also demonstrated that
rejection and GVHD are associated with shifts in intesti-
nal microflora toward potentially pathogenic organisms
and that bacterial translocation into recipient tissues poses
a major threat for the development of sepsis [29].

Functional Aspect

The transplanted graft needs to efficiently digest and
absorb a variety of nutrients in order to maintain life.
Although the mucosa has a remarkable ability to regener-
ate, the rejection episodes are stored within the vessels,
intestinal muscularis, and enteric nerve system [30].
Some reports have focused on the enteric nerve system
and intestinal muscularis in HIT and OIT.

Smooth muscle function.  Heeckt et al. [30]
investigated alterations in the intestinal smooth muscle
function of chronically rejected grafts using an ACI to
Lewis combination treated with CyA, as mentioned
before. Mechanical smooth muscle activity can be assess-
ed by stimulation by bethanecol. Chronically rejected
allograft muscles exhibited a marked decrease in contrac-
tile force compared to normal rat intestine. However,
HIT grafts demonstrated less contractility and less
response to chemical stimulation than did OIT. Mean
EC;, values were determined as the concentration needed
to generate 50% of the maximal response. Mean EC;,
values in HIT were greater than those in OIT (50 mM
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and 13.3 mM respectively).

Graft intestine permeability (barrier func-
tion). Grant et al [15] studied gut barrier function
using intestinal permiability to °’Cr-EDTA urinary excre-
tion of *’Cr-EDTA. They gave one ml of *’Cr-EDTA by
gavage after OIT or by catheter through the proximal
stoma after HIT. Then the 24-hours urinary excretion of
S1Cr-EDTA was measured. Normally the gastrointestinal
tract is impermeable to *'Cr-EDTA. Once *'Cr-EDTA
entered the circulation, it is rapidly cleared by glomerular
filtration and can be easily quantified in urine. They
demonstrated that intestinal permiability was consistently
higher after HIT than after OIT in both syngeneic and
allogeneic combinations for 4 weeks after SITx.
Although heterotopic grafts suffer from a lack of luminal
nutrition, which has been shown to be essential in
maintaining normal mucosal function, they represent an
important experimental group.

Conclusion

We reviewed previous literature regarding the 2
different types of SITx: OIT and HIT. Although HIT
models do not represent the physiologic state of small
intestinal function, HIT models are used for investiga-
tions of immunologic reactions such as rejection and
graft-versus-host reaction. As well, the HIT model
represents a higher suvival rate and involves a simple
technique. In contrast, the OIT model is suitable for
preclinical studies, including studies of graft function and
absorption capability under normal physiologic conditions
and in interaction with immunologic reactions. Further-
more, graft failure leads to the recipient’s death, provid-
ing a well defined, objective marker of barrier and absorp-
tive functions.

It has been shown that OIT models are advantageous
as intraluminal nutrients, and that intestinal barrier func-
tion and the delayed onset of rejection in OIT rats suggest
that nutrients and other factors in the succus entericus are
important for the maintenance of intestinal graft function.
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