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Abstract
Background and aims—Injuries caused
by ischaemia and ischaemia/reperfusion
in the small intestine have been widely
accepted as resulting in necrosis. The aim
of this study was to ascertain whether
apoptosis also occurs.
Methods—Intestinal epithelium from rats
subjected to ischaemia (15–90 minutes)
and ischaemia/reperfusion (15 minutes
ischaemia followed by 15–75 minutes of
reperfusion) was studied using histologi-
cal, immunohistochemical, and molecular
biological methods as well as FACS.
Results—Mucosal injury was induced by
both ischaemia and ischaemia/reper-
fusion. Detachment of epithelial cells
from the villous stroma was an early
morphological change indicating mucosal
injury. More than 80% of the detached
cells exhibited characteristic morphologi-
cal features of apoptosis (condensation of
chromatin and nuclear fragmentation).
The remainder demonstrated necrotic
features. The apoptotic cells eventually
underwent spontaneous degeneration with
membrane rupture, a process morpho-
logically identical to necrosis. DNA frag-
mentation was also confirmed by
immunohistochemical methods and agar-
ose gel electrophoresis.
Conclusion—Apoptosis is a major mode of
cell death in the destruction of rat small
intestinal epithelial cells induced by is-
chaemia and ischaemia/reperfusion in-
jury. Disruption of epithelial cell-matrix
interactions (“anoikis”) may play an im-
portant part in induction of apoptosis in
detached enterocytes.
(Gut 1998;42:530–537)
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Cell number in adult tissues is determined by
the balance between cell production and cell
loss. In recent years the idea that apoptosis is a
commonmechanism for regulating cell loss has
become well established.1–3 In the gastrointesti-
nal tract apoptosis is also reported to be
important in physiological cell renewal.4 5

Recently, evidence has accumulated indicating
that apoptosis is triggered by ischaemia and
ischaemia/reperfusion.6 7 We have previously
reported that human ischaemic myocardial
injuries known as coagulation necrosis and
contraction band necrosis feature distinct

internucleosomal cleavage of DNA,8 demon-
strated by the TUNEL method9 and agarose
gel electrophoresis.10 The intestinal mucosa is
probably one of the most sensitive tissues to
ischaemia and ischaemia/reperfusion injury in
the body.11 Standard textbooks of pathology
state that mucosal injuries induced by circula-
tory disorders result in necrosis.12 13 Although
the sequence of development of intestinal
mucosal injury after ischaemia and reperfusion
has been studied intensively, most studies have
focused on the relatively late phase.14–16 Thus,
early morphological changes indicative of
mucosal injury, such as detachment of epithe-
lial cells from the villous stroma, have not been
studied in detail. Furthermore, Frisch and
Francis have proposed that interactions be-
tween the matrix and cells are critical to regu-
lation of apoptosis.17 This raises questions as to
the mechanism of intestinal epithelial cell
death induced by ischaemia and ischaemia/
reperfusion injury.
In the present study we have performed a

detailed morphological and molecular biologi-
cal analysis of epithelial cell death in rat small
intestine induced by ischaemia and ischaemia/
reperfusion injury.

Methods
ISCHAEMIA AND ISCHAEMIA/REPERFUSION INJURY

Six week old female Wistar rats (Japan SLC
Inc, Hamamatsu) were used in this study. The
animals were fasted for 18 hours before
commencing the experiments but had free
access to water. Pentobarbital sodium solution
(Abbott Laboratories, North Chicago, Illinois,
USA) (30–40 mg/kg) was administered into
the intraperitoneal cavity to induce anaesthe-
sia. All procedures were performed with the
animals breathing spontaneously.
The rats were divided into three experimen-

tal groups undergoing (1) sham ischaemia (n =
10); (2) ischaemia (n = 40); and (3) ischaemia/
reperfusion (n = 40). Through a midline
abdominal incision, the superior mesenteric
artery (SMA) was occluded for 15 minutes
with an atraumatic vascular clamp. In order to
block any collateral blood supply from the right
colic and jejunal arteries, we used the proce-
dure developed by Megison et al.18 The control
animals underwent the same procedure except
for the clamping of the SMA. Heparin
(1000 U/kg) was injected intravenously at the
time of mesenteric ischaemia. At the end of the
ischaemic period the clamp was removed to
allow reperfusion. A preliminary experiment
revealed that both 15 minutes and 30 minutes
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of ischaemia followed by reperfusion induced
epithelial destruction. However, it was noted
that 30 minutes of ischaemia alone also
induced epithelial destruction and DNA frag-
mentation, in contrast to 15 minutes ischaemia
which did not cause any detectable injury.
Thus, we applied 15 minutes of ischaemia fol-
lowed by reperfusion for various time periods.

HISTOLOGICAL AND ELECTRON MICROSCOPICAL

ASSESSMENT

After mesenteric ischaemia or sham ischaemia
for 15, 30, 60 and 90 minutes and 15, 30, 45,
60 and 75 minutes of reperfusion, the small
intestines were harvested. Two cm segments of
the jejunum were resected and immediately
fixed in 20% buVered formalin. The tissue was
then embedded in paraYn wax, sectioned seri-
ally, and stained with haematoxylin and eosin.
Histological mucosal damage in each prepara-
tion was graded on the six point scale defined
by Chiu et al14 as follows: grade 0, normal
mucosa; grade 1, development of subepithelial
(Gruenhagen) spaces near the tips of the villi
with capillary congestion; grade 2, extension of
the subepithelial space with moderate epithelial
lifting from the lamina propria; grade 3, signifi-
cant epithelial lifting along the length of the
villi with a few denuded villous tips; grade 4,
denuded villi with exposed lamina propria and
dilated capillaries; and grade 5, disintegration
of the lamina propria, haemorrhage, and
ulceration. Data are presented as median and
range. Significance was tested with the Sign
test19 within groups and the Wilcoxon rank
test20 between groups. A p value of <0.05 was
considered statistically significant.
For electron microscopy, small pieces of

small intestine were fixed in 2% paraformalde-
hyde and 2.5% glutaraldehyde (Nisshin EM
Co Ltd, Tokyo, Japan) in 0.05 mol phosphate
buVer (PB) (pH 7.4) for two hours. After rins-
ing three times with PB, samples were then
stored in PB for 24 hours. The tissues were
then routinely processed as reported
previously.21

HISTOCHEMICAL DETECTION OF DNA

FRAGMENTATION

The terminal deoxynucleotidyl-transferase
(TdT) mediated d-UTP-biotin nick end label-
ling (TUNEL) method9 has been used as an
approach to demonstrate DNA fragmentation.
However, the eVectiveness of the TUNEL
method is greatly hampered by fixation,
especially for the detection of apoptotic cells in
gastrointestinal epithelium. We therefore used
the method reported by Ichimura et al.22 In
brief, fresh specimens of small intestine were
heated in a microwave to boiling in 20% buV-
ered formalin and the fixation was continued
overnight at room temperature to prevent a
false positive reaction that may be attributed to
exogenous and endogenous deoxyribonuclease
I (DNase I) activity. The tissue was then
embedded in paraYn wax and sectioned
serially. After deparaYnisation and dehydra-
tion, tissue sections were stained using the
TUNEL method as reported previously.8

ASSESSMENT OF APOPTOSIS AND NECROSIS USING

DNA BINDING FLUOROCHROMES AND ANNEXIN V

To discriminate between apoptotic and
necrotic cell death, the detached epithelial cells
were examined using DNA binding fluoro-
chromes, Hoechst 33342 (HO342) (Molecular
Probes, Eugene, Oregon, USA) and propidium
iodide (PI) (Molecular Probes).23 Further-
more, the frequencies of both apoptotic and
necrotic cells were also analysed using FITC-
labelled Annexin V and PI (Apoptosis Detec-
tion Kit, R&D Systems Inc, Minneapolis,
USA).24 Resected segments of small intestine
were washed vigorously in phosphate buVered
saline (PBS) to collect the detached epithelial
cells. After being pipetted and pelleted, the
cells were resuspended in PBS (106 cells/ml),
then divided into two samples. For the staining
of HO342 and PI, cells were incubated at 37°C
in the presence of 1 µg/ml HO342 for 10 min-
utes. They were then cooled on ice, centri-
fuged, resuspended in PBS, exposed to PI of
5 µg/ml and kept on ice. Apoptotic and
necrotic cells were identified using a fluores-
cence microscope (Nikon Labophoto, dichroic
mirror B, excitation filter IF420–490, barrier
filter 515W). For the staining of Annexin V and
PI, cells (1 × 105) were stained using an apop-
tosis detection kit and were then analysed with
a FACS Calibur (Becton Dickinson) as soon as
possible.24

DETECTION OF DNA FRAGMENTATION OF

INTESTINAL EPITHELIAL CELLS BY AGAROSE GEL

ELECTROPHORESIS

DNA extraction and electrophoresis were per-
formed by the methods described by Facchi-
netti et al.10 In brief, detached enterocytes were
collected by centrifugation of PBS solution
containing cells at 3000 rpm for five minutes at
4°C. The supernatant was discarded and the
pellet containing the enterocytes was used for
DNA extraction as reported previously.8

PERCENTAGE DNA FRAGMENTATION ASSAY

The extent of DNA fragmentation was deter-
mined by a modification of the method
reported by Cohen and Duke.25 The whole
epithelium of resected jejunum without the
muscle layer was collected by mechanical
scraping with a blade, pipetted vigorously in
PBS, and harvested by centrifugation at 3000
rpm for five minutes. Pellets were lysed with
0.4 ml hypotonic lysing buVer (10 mmol Tris,
10 mmol EDTA; pH 8.0) containing 0.5%
Triton X-100 (Katayama), and the lysates were
centrifuged at 15 000 rpm for 20 minutes to
separate intact DNA from fragmented chroma-
tin. The supernatant, containing fragmented
DNA, was placed in a separate microfuge tube
and both fractions were precipitated for 30
minutes at 4°C in 0.5 N perchloric acid
(Katayama). Precipitates were sedimented at
15 000 rpm for 20 minutes and the included
DNA was hydrolysed by heating to 90°C for 10
minutes in 150 µl 1 N perchloric acid and then
quantified by a modification of the diphe-
nylamine (DPA) method of Burton.26 The per-
centage of DNA fragmented was defined as the
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ratio of the DNA content of the supernatant
obtained at 15 000 rpm to the total DNA in the
lysate.

Results
LIGHT AND ELECTRON MICROSCOPIC FINDINGS

AND HISTOCHEMICAL DETECTION OF DNA

FRAGMENTATION

After ischaemia of 15 minutes’ duration or
more, an increasing degree of mucosal injury
was seen with the duration of the ischaemic
period. Reperfusion after 15 minutes and 30
minutes of ischaemia also caused significant
exacerbation of mucosal injury (table 1). The
destruction of villi continued during the
experiment in the ischaemia group but this was
not the case for the reperfusion groups.
Destructive changes had subsided within 75
minutes of reperfusion followed by 15 minutes
of ischaemia, and 45 minutes of reperfusion
followed by 30 minutes of ischaemia, respec-
tively.
Fifteen minutes of ischaemia did not cause

any detectable injury except for dilatation of
the Gruenhagen’s space in the upper region of
the villi (fig 1, A1 and A2). After 30 minutes of
ischaemia the mucosa was still largely pre-
served, but the enterocytes in the upper third of
the villi had lifted from the villous stroma.
Between the epithelium and the villous stroma
there was amorphous material, some of which
passed into the intestinal lumen through the
dissociated enterocytes (fig 1, B1 and B2).
After 60 minutes (fig 1, C1 and C2) and 90
minutes of ischaemia (data not shown) more
prominent destruction with denuded villi and
detached enterocytes was observed. Among the
detached epithelial cells, many enterocytes
exhibited both condensed and fragmented
nuclei (fig 1, C2 and D2). DNA fragmentation
of the damaged cells was examined by the
TUNEL method. At the end of 15 minutes’
ischaemia no enterocytes showed TUNEL
positive staining except for cells at the tips (fig
1, A3). After 30 minutes’ ischaemia, however,
some enterocytes demonstrated a positive
reaction (fig 1, B3) and after 60 minutes (fig 1,
C3) many of the detached enterocytes showed
TUNEL positive staining. Furthermore, some
enterocytes located in the lower part of the villi
were also TUNEL positive (fig 1, C3).
In the reperfusion groups similar features of

epithelial cell destruction, as evidenced by
detachment and lifting down the sides of the
villi, were observed. However, both the detach-
ment of enterocytes and the destruction of the
villous stroma had subsided after 75 minutes of
reperfusion followed by 15 minutes of ischae-
mia (fig 1, D1). The detached cells had apop-
totic features of condensed and fragmented
nuclei (fig 1, D2) and showed TUNEL positive
(fig 1, D3). However, this was not the case for
all aVected cells (fig 1, D3). Furthermore,
enterocytes located at the villous tips were not
TUNEL positive after 75 minutes of reper-
fusion (fig 1, D3).
Electron microscopic examination of epithe-

lial cells after both ischaemia (fig 2B) and
ischaemia/reperfusion (fig 2C) revealed typical
changes as shown in fig 1, C2 and D2. The

Figure 1 Sections of jejunum following ischaemia for 15 minutes (A1–3), 30 minutes
(B1–3), and 60 minutes (C1–3), and in a group given 75 minutes’ reperfusion followed by
15 minutes of ischaemia (D1–3). In A1–3 no significant changes are apparent except for
dilatation of Gruenhagen’s space. Apoptotic cells are present at the tip of the villi (A2, 3).
In B1–3 note the amorphous substance between the villous stroma and the base of the
epithelial cells (B2). Some enterocytes are TUNEL positive (B3). In C1–3 the upper
regions of the villi are destroyed.Many detached enterocytes show both condensed and
fragmented nuclei which are TUNEL positive (C2, 3). Some enterocytes located in the
lower region, which are detached from the villous stroma, are also TUNEL positive (C2, 3
arrow).Note the amorphous substance (*) between the epithelium and villous stroma (vs)
in C2. In D1–3 notable destruction of the upper two thirds of the villi is evident but the tips
are covered with enterocytes after 75 minutes of reperfusion (D2).Most of the detached cells
show condensed and fragmented nuclei and also TUNEL positive staining, in contrast to
the enterocytes located in the villi (D3). Serial sections A1–D1 and A2–D2 were stained
with haematoxylin and eosin and sections A3–D3 were stained using the TUNEL method.
Original magnification: ×40 (A1–D1), ×100 (B2, B3), ×150 (D2,D3), ×200 (A2, A3,
C2, C3).
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amorphous substance seen by light microscopy
consisted of blebs of various sizes situated
between the epithelium and basement mem-
brane (fig 2B). No apoptotic features were
found in control intestinal epithelium (fig 2A)
except at the tips of the villi.

ASSESSMENT OF APOPTOSIS AND NECROSIS USING

DNA BINDING FLUOROCHROMES AND ANNEXIN V

Fluorescence microscopical studies were car-
ried out with diVerential HO342 staining of
apoptotic versus viable cells as well as PI. In

both the ischaemia (fig 3A) and ischaemia/
reperfusion groups (fig 3B) HO342 positive
cells showed chromatin condensation patterns
and the fragmented nuclei typical of apoptosis
(fig 3A–D, large arrows). Some PI positive cells
had oval and round nuclei (fig 3A–D, arrow-
heads) but others had condensed or frag-
mented nuclei (fig 3B, small arrows). The cells
that had fragmented nuclei stained with
HO342 demonstrated a round shape (fig 3D,
arrow) in contrast to those with oval nuclei
stained with PI which were relatively normal in
terms of their morphology (fig 3D, arrowhead).
The frequencies of apoptotic and necrotic

cells were analysed by FACS using an apoptosis
detection kit (Vector Laboratories).24 The results
revealed that both types of cell deaths occurred
after ischaemia (fig 4A) and ischaemia/
reperfusion (fig 4B). The sorted PIhigh cells (G1

population) with FACS demonstrated oval or
round nuclei and preservation of normal mor-
phology (fig 3B, arrowheads). On the other
hand, PIlow cells (G2 population) were character-
ised by the apoptotic features of a round shape
and fragmented nuclei (fig 3B, small arrows).
Furthermore, TUNEL staining showed that the
nuclei of PIlow cells were positive while those of
PIhigh cells were negative (data not shown).These
findings suggest that PIlow cells are late apoptotic,
namely “secondary necrosis”, while PIhigh cells
are necrotic. Thus, the PIlow population was
counted as apoptotic cells in this study. Figure
4C–E summarises data for the frequencies of
each population. In the early phase 15 minutes’
reperfusion was associated with a higher fre-
quency of necrotic cells and a lower frequency of
apoptotic cells than those subjected to 30
minutes’ ischaemia (fig 4E). At subsequent time
points no significant diVerence was observed
between the two regimens.

DETECTION OF DNA FRAGMENTATION IN

INTESTINAL EPITHELIUM BY AGAROSE GEL

ELECTROPHORESIS

DNA fragmentation in samples of small intes-
tine obtained from the ischaemia and
ischaemia/reperfusion groups was studied by
agarose gel electrophoresis.8 10 Multiples of
180–200 bp subunits were detected in the 30
minute and 60 minute ischaemia groups,
respectively (fig 5, lanes 1 and 2). Thereafter,
cleavage of DNA was always clear, and was also
evident after 45 minutes’ reperfusion (fig 5,
lane 3).

PERCENTAGE DNA FRAGMENTATION ASSAY

In order to clarify whether the destruction proc-
ess continued during the experimental period in
both groups, the extent of DNA fragmentation

Figure 2 Electron microphotographs of jejunum from
groups given (A) sham ischaemia, (B) 90 minutes of
ischaemia, and (C) 45 minutes of reperfusion. (A)
Enterocytes located in the middle part of the villi show no
remarkable changes. (B) An enterocyte showing compaction
and segregation of chromatin against the nuclear envelope
(arrow) is observed between normal appearing cells. The
amorphous substance is evident as blebs limited by a simple
membrane (*) (arrowhead, basement membrane; V, vessel).
(C) Detached cells have characteristic features of apoptosis
but still preserve microvilli (arrow) and intact
mitochondria. Original magnification: ×2500 (A and B),
×5000 (C).

Table 1 Grades of mucosal injury after ischaemia and various reperfusion time peroids

Reperfusion after ischaemia (min)

Group 0 15 30 45 60 75

15 min’ ischaemia 1 (0–1) 2 (1–3) 3 (3–4) 3 (3–4) 4 (4–5) 1 (0–1)*
30 min’ ischaemia 2 (1–3) 4 (4–5) 4 (4–5) 1 (0–1)* 1 (0–1)* 1 (0–1)*
60 min’ ischaemia 3 (3–5) – – – – –
90 min’ ischaemia 5 (4–5) – – – – –
Sham ischaemia 0 (0–1) 0 (0–1) 0 (0–1) 0 (0–1) 0 (0–1) 0 (0–1)

*Destructive changes subsided after 75 minutes’ reperfusion followed by 15 minutes’ ischaemia, and 45 minutes’ reperfusion fol-
lowed by 30 minutes’ ischaemia, respectively.
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of epithelial cells was studied (fig 6). The results
revealed that the increase above background
levels had begun in both the 30 minute
ischaemia and 15 minute reperfusion groups
with no significant diVerence between the two.
Thereafter, the process continued with an
increase in % DNA fragmentation being ob-
served up to the 90 minute time point.

Discussion
It is well known that the epithelial cell layer of
the small intestine subjected to ischaemia alone
or ischaemia/reperfusion becomes injured, re-
sulting in necrosis.12 13 This study has provided
the first evidence that two distinct modes of cell

death—apoptosis and necrosis—are involved in
the destruction of rat small intestinal epithelial
cells. Furthermore, apoptosis was demon-
strated to be the major mode. The methods
used—light and electron microscopy, fluores-
cence microscopy with the DNA binding
fluorochrome HO342,23 FACS analysis using
Annexin V (apoptosis detecting kit),24 TUNEL
staining,8 9 22 electrophoretic detection of DNA
laddering,10 and the % DNA fragmentation
assay25 26 —all provided support for this conclu-
sion. Necrosis evaluated by fluorescence mi-
croscopy and FACS using DNA binding
fluorochrome PI23 24 was, in comparison, rela-
tively minor.

Figure 3 Fluorescence microphotographs of detached enterocytes stained with the DNA binding fluorochromes HO342
and PI: (A) 60 minutes’ ischaemia, and (B) 45 minutes’ reperfusion. (C) High power magnification of fig 3B. (D) Light
microscopical finding for the cells in fig 3C. (A) Condensed and fragmented nuclei are HO342 positive (arrows)
(green∼blue) in contrast to the PI positive oval or round nuclei (arrowheads) (red∼yellow). (B) Some condensed and
fragmented nuclei are HO342 (large arrows) and others are PI (small arrows) positive. On the other hand, oval or round
nuclei preserving their normal morphology are PI positive (arrowheads). (C) and (D) A HO342 positive cell with a
fragmented nucleus has a round shape with apoptotic features (arrow) while a PI positive cell with an oval nucleus
demonstrates a relatively normal morphology (arrowhead). Original magnification: ×80 (A and B), ×160 (C and D).
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Previous morphological studies of this area
have not mentioned induction of apoptosis in
rat small intestine subjected to ischaemia and
ischaemia/reperfusion.14–16 They focused on the
relatively late phase of ischaemia and
ischaemia/reperfusion injury after more than
one hour and the present histological results of
ischaemia are similar to those previously
reported. Park et al27 considered that ischaemia
with a duration of less than 20 minutes did not
induce mucosal injury, nor did they find any
significant lesions due to reperfusion. Although
the reason for the discrepancy between studies
is not clear, diVerences in methodology might

have played a role. If attention is not concen-
trated on detached epithelial cells, intestinal
damage might be missed in the reperfusion
group. With regard to the time required for
reperfusion injury, 15 minutes followed by
reperfusion was clearly suYcient in the present
case. Thereafter, changes were progressive in
terms of DNA fragmentation, although the
destruction of the villi subsided during 75
minutes’ reperfusion.
Wagner et al have reported that the charac-

teristic feature of ischaemic damage to the
small intestinal villous epithelium is the
detachment of enterocytes from the basement

Figure 4 Flow cytometric analysis of FITC-Annexin V binding and PI uptake of detached enterocytes undergoing
apoptosis versus necrosis. Detached enterocytes (1 × 104) were analysed after both ischaemia (A) and reperfusion (B).
(C–E) Frequencies of live, necrotic, and apoptotic cells after ischaemia (30, 60, and 90 minutes) and reperfusion (15, 45,
and 75 minutes). The lower left quadrant of each panel shows live cells (FITC–Annexin–/PI–), the lower right quadrant
represents apoptotic cells (FITC–Annexin+/PI–) and the upper right quadrant contains the non-viable, necrotic cells
(FITC–Annexin+/PI+). These latter comprise both PIhigh cells (G1) and PI

low cells (G2). (A) PI
high cells have oval or round

nuclei and preserve their normal morphology as in fig 3B (arrowheads) and PIlow cells are round in shape with condensed
and fragmented nuclei as in fig 3B (small arrows).Numbers within the dot plots represent the percentages of cells in each
quadrant. One representative experiment out of five is shown.More than 80% of the detached cells show apoptotic features
(C–E). Significant diVerences between the ischaemia and reperfusion groups were only observed for the early phase of the
experiment. *p<0.01 compared with 30 minutes’ ischaemia.
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membrane.28 The intestinal mucosa shows the
first morphological alteration at the tips of the
villi after ischaemia of only 15 minutes, and this
progresses to the base of the villi with continu-
ation of the ischaemia. The reason for epithelial
shedding is the appearance of membrane
enclosed cytoplasmic blebs which arise at the
cell base of the enterocytes and cause detach-
ment from the basement membrane.28 Our
data have shown that this was also a prominent
feature of reperfusion injury followed by 15
minutes’ ischaemia.
At present we can only speculate as to the

mechanisms that induce apoptosis of detached
enterocytes. Previous authors have reported
alterations in cell adhesion molecules or
substratum along the crypt–villous axis, and

used this to support the idea of cell loss by
shedding. For example, Beaulieu has proposed
that altered expression of â1 integrins along the
crypt–villous axis facilitates cell loss.29 Probste-
imer et al have argued that cell shedding at the
villus tip is a consequence of changes in
expression and function of J1/tenascin at the
upper part of the villus.30 However, Frisch and
Francis have recently proposed that interac-
tions between extracellular matrix materials
and cells play a critical role in apoptosis,17 cell
death occurring when contacts are disrupted.
This phenomenon has been called “anoikis.”17

Our study has shown that aVected epithelial
cells lose their contact with the villous stroma
and thus apoptosis induced by ischaemia
and ischaemia/reperfusion could represent
“anoikis.” However, as revealed by our data,
not all the detached cells demonstrate positive
staining with the TUNEL method and some
show evidence of necrotic cell death when
examined by DNA binding fluorochromes PI.
In conclusion, apoptosis is the major form of

cell death occurring after short term ischaemia
or ischaemia/reperfusion in the rat jejunum.
Distribution of epithelial cell–matrix interac-
tions (“anoikis”) may play an important part in
induction of apoptosis in detached enterocytes.
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for research promotion from Aichi Medical University.
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