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INTRODUCTION

Acute intestinal ischemia represents a broad spectrum of diseases with various

clinical and pathological manifestations. The primary causes of insufficient blood

flow to the intestine arc diverse and include thromboembolism, neoplasms, vasculi

tis, abdominal inflammatory conditions, trauma, chemotherapy, radiation and corro

sive injury (Rha et aI., 2000). Despite of the advances in the pathophysiological, la

boratory diagnosis and imaging techniques acute intestinal ischemiais still one of

the major etiological causes of multiple organ failure (Schlichting et aI., 1995). Is

chemia induces continuous distrubance of hepatic microcirculation leading to liver

dysfunction (Nakamura et al., 2001). Furthermore, it triggers the development of

lung dysfunction (Ito et aI., 2003). Ischemia is often associated with mortality rates

more than 60% and thus it represents a major challenging clinical problem (Lock,

2001).

Reviewing the literature re ,e1led that the intestinal mucosa in particular is one

of the most sensitive tissues to ischemia and ischemia reperfusion injury in the hu

man body (Ikeda et aI., 1998; Kalia et aI., 2001). Although the histopathological al

terations in the intestinal mucosa after ischemic injury have been extensively de

scribed (Puglisi et al., 1995; Takeyoshi et al., 1996; Ikeda et al., 1998) yet most of

the previous models of ischemia were achieved by complete occlusion of the superi

or mesenteric artery which often resulted in shock and early death of the experimen

tal animalshence rendering it rather difficult to examine the delayed morphological

changes in the ischemic intestinal mucosa. Moreover. the intestinal segments distal

to ischemia though clinically showed decreased contraction frequency. decreased re

laxation responses and altered responses to norepinephrine (Malone and Kanaan
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2001) yet the morphological changes in locations distal to ischemia were not proper

ly investigated.

Recently, the role ofmodulators particularly nitric oxide has received special

attention. It is hypothesized that nitricoxide might be involved in tissue protection

and provide partial preservation of intestinal mucosa as the first line of defense fol

lowing ischemia reperfusion (Kalia et al., 20ot). Detection of nitric oxide could be

achieved via the estimation of endothelial nitric oxide synthase (NOS) which is a

member of a family of enzymes responsible for synthesis of nitric oxide from L argi

nine and molecular oxygen (Chan et al., 2002).

Accordingly, it was the aim of the current work to illustrate the delayed mor

phological and morphometric changes following segmental ischemia and ischemia

reperfusion produced by selective occlusion of terminal branches of superior mesen

teric artery. Moreover an attempt of detection of nitric oxide production was

achieved via the estimation of nitric oxide synthase. The changes in both the ischem

ic segment as well as the segment distal to it were investigated. Such a study might

be beneficial in post-ischemic resection anastomosis procedures, or in surgical re

vascularization.

MATERIAL AND METHODS

Eighteen rabbits weighing 2000 - 2500 grams were obtained from the Research

Unit and Bilharzial Research Center of Faculty of Medicine, Ain Shamus Universi

ty. All animals were fasted 18 hours before commencing the experiment but had free

access to water. At the beginning of the experiment rabbits were divided into two

groups, nine rabbits each. Animals were anaesthesized by intravenous injection of

sodium pentobarbital (40 mg I kg). All surgical procedures were performed with the

animals breathing spontaneously and under complete aseptic conditions. (Fig. 1 • a,

b, c, d).

Group I : Ischemia Reperfusion

Through a midline abdominal incision a single jejunal loop (10 ern) was deliv

ered, all the terminal feeding branches of the superior mesenteric artery and their

collaterals supplying the selected segment were occluded for 60 minutes with

atraumaric vascular clamps, vessel occlusion was confirmed by loss ofpulsations.

The jejunal segment was returned to the peritoneal cavity and periodically irrigated

with saline. At the end of the ischemic period the clamps were removed to allow
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reperfusion, the abdominal cavity was closed using monofilament polypropylene

and a subcutical 2 / 0 vicryI. Three rabbits underwent the same procedures apart

from occlusion of the terminal branches of superior mesenteric artery (Sham operat

ed):

Group II : Continuous Ischemia
Through a midline incision a single jejunal loop (10 ern length) was delivered

and the terminal branches of the superior mesenteric artery and their collaterals sup

plying the selected segment were ligated in continuity with 4/0 polygalactia, vessel

occlusion was confirmed by loss of pulsations. The jejunal segment was returned to

the peritoneal cavity and irrigated with saline. The abdominal cavity was closed us

ing monofilament polypropylene and a subcutical 2 I 0 vicryl. Three rabbits under

went the same procedure apart from ligation of the terminal branches of the superior

mesenteric artery (Sham operated).

Tissue Preparation:
On recovery from anesthesia, rabbits were allowed free access to water and soft

diet to avoid abdominal over distention. Rabbits were sacrificed after 24 hours, the

abdominal cavity was incised and the ischemic jejunal segment and the segment dis

tal to it were resected. Specimens were immediately fixed in 10% formol saline and

embedded in paraffin wax. Serial paraffin sections were cut at 51lm in thickness and

stained with haernatoxylin and eosin and Wilder Sliver stain for reticular fibers. Oth

er specimens 1 mm3 in thickness were fixed in 2.5% glutraldehyde in phosphate

buffer and proceeded for scanning electron microscopic studies. The specimens

were examined and photographed with Philips scanning electron microscope (XL

30).

Image Morphometry:

The villus height, thickness as well as. the height of the columnar epithelial

cells (enterocytes) were measured using Lcica Qwin 500 Image Analyzer. Morpho

metric analysis was carried out on routine haernatoxylin and eosin stained slides.

The height of the villus was measured by drawing a line from the tip of the villus to

the base. The villus thickness was determined by measuring the width of the villus at

several points throughout its length. The height of enterocytes was measured from

surface of the cell to base passing through the nucleus. The height of villus and

thickness were measured on magnification (X50) while the height of enterocytes on
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magnification (X 400). The measurements were repeated on several villi in serial

sections. The data were represented as mean ± standard deviation and were analyzed

using student t-test,

Immunohistochemical procedure:

Paraffin sections 5 urn in thickness were mounted on slides coated with poly

sine. placed in 0.5% hydrogen peroxide methanol, washed with T.B.S buffer (PH.

7.5) then placed in diluted serum. Sections were incubated with the primary anti

body. Nitric oxide synthase- 3 mouse monocolonal antibody (Nova CastraLabora

tories), washed with T,B.S buffer for 5 minutes twice, incubated with biotinylated

secondary antibody (Nova castra laboratories) after incubation sections were washed

with T.B.S buffer for 5 minutes. Additional slides were treated with non immune

serum instead of the primary antibody and were used as controls.

Endothelial cells with positive reactivity for nitric oxide synthase (NOS)

showed brown colour in the cytoplasm and membranes.

RESULTS

The control groups (Sham Operated) :

Light microscopic examination of the jejunum of rabbits of the control groups

(Sham operated) clarified that the jejunal villi were finger-like processes. the mean

height of villi was 321.070 ± 132.475 and the mean thickness was 60.568 ± 4.932

(Tables I. 2). Each villus was lined with tall columnar epithelial cells (enterocytes)

with mean height 99.349± 14.460 (Table 3). The enterocytes exhibited basal oval

vesicular nuclei. At the surface, the epilhelial cells were covered with homogeneous

striated brush border (Fig. 2). Goblet cells were interposed at intervals between the

columnar cells. They were rounded in shape with eccenteric nuclei (Fig. 3). Silver

stained sections showed that the core of villi contained fine. elongated and continu

ous network of reticular fibers along the entire core (Fig. 4).

Scanning electron microscopic examination further revealed that the jejunum of

rabbits of control groups was studded with villi; in some areas the villi were closely

packed together. However, each villus had well-defined clear outlines and regular

orientation (Fig. 5). The surface of the villi wasformed by columnar epithelial cells.

The tips of the closely packed microvilli of the columnar cells gave a slightly peb

bled appearance to the surface. The pebbled surface was broken occasionally by

small pits representing the goblet cell orifices (Fig. 6).
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Immunohistochemical examination revealed strong nitric oxide synthase reac

tion in the endothelial cells of blood vessels within the core of the villi. The reaction

was detected mainly in apical parts of the villi and to a lesser extent in the basal

parts of villi (Fig. 7).

Group I : Ischemia Reperfusion

A) Ischemic Segment:
Light microscopic examination of the jejunum of rabbits of group I subjected to

ischemia-reperfusion revealed that in the ischemic segment the general architecture

of the villi was largely preserved. The villi were short and the mean height was sig

nificantly reduced (214.051 ± 53.686 P < 0.01) ( Table 1). However. the mean thick

ness was significantly increased (84.971 ± 36.86 P < 0.05) (Table 2). Moreover. the

typical striated brush border was indistinct and ill-defined. The enterocytes were sig

nificantly reduced in height (52.239 ± 6.56 P < O.OCll) (Table 3). The pattern of or

ganization of entcrocytes was distorted and numerous cells were detached and lifted

from the villus stroma. Goblet cells were infrequently encountered (Fig. 8). The core

of the villi manifested mononuclear cellular infiltration. amorphous eosinophilic ma

terial and aggregation of red blood cells (Figs. 8. 9). Occasionally. some of the

amorphous material and the red blood cells passed into the intestinal lumen through

the dissociated enterocytes (Fig. 8). Less frequently vacuolated areas were noticed in

the core of the villi (Fig. 9). Silver-stained sections revealed that the reticular fibers

were partially disrupted and compressed along the sides of the villi (Fig. 10).

Scanning electron microscopic studies clarified a variety of surface alterations.

The villi were frequently fused together with ill-defined boundaries and irregular or

ientation. The apical parts of the villi were either irregular and manifested small

knobs or were partially detached (Fig. II). The surface of villi showed marked

sloughing of the epithelial cells and ill-defined microvilli with loss of the pebbled

appearance. Goblet cells were rarely encountered (Fig. 12). The ischemic jejunal

segment showed few flattened irregular shaped areas without surface villi (Fig. 11).

Immunohistochemical examination clarified that nitric oxide synthase .eaction in the

endothelial cells within the core was weak as compared with the control group and

occurred at interrupted wide intervals (Fig. 13).

B) Distal Segment:
Light microscopic examination of the jejunal segment distal to the ischemic

segment revealed that the mean height of villi was 285.578 ± 90.343 showing non
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significant variation from the control group (P > 0.05) (Table 1). The mean thick

ness of villi was 47.332 ± 6.452 showing significant variation than the control (p <
0.001) (Table 2). On comparing the distal segment to the ischemic segment, it was

clear that the height of villi in the distal segment was significantly higher than in is

chemic segment (P < 0.05) (Table 1). The mean thickness of villi was significantly

reduced compared with the ischemic segment (P < 0.01) (Table 2). Though the villi

generally exhibited intact brush border, numerous goblet cells and regular arrange

ment of enterocytes, yet the height of emerocyres was 65.145 ± 8.782 showing sig

nificant decrease from the control (P < 0.001) (Table 3). On comparing with the is

chemic segment the height of enterocytes in the distal segment showed significant

increase (p < 0.001) (Table 3). The core of the villi exhibited marked mononuclear

cellular infiltration (Fig. 14). Moreover, silver-stained sections clarified the presence

of extensive network of thickened branching reticular fibers particularly in the basal
parts of the villi (Fig. 15).

Scanning electron microscopic examination revealed that jejunal segment distal

to the ischemic segment was studded with villi with preserved outlines. However,

numerous villi were irregularly oriented (Fig. 16). The surface was pebbled with nu

merous microvilli and prominent goblet cells which often formed multiple aggre

gates (Fig. 17). Immunohistochemical examination clarified that nitric oxide syn

thase reaction was intensified. particularly in the endothelial cells in the apical parts
of the villi (Fig. 18).

Group II : Continuous Ischemia

A) Ischemic Segment:

Light microscopic examination of jejunum of rabbits of group II subjected to

continuous ischemia showed marked exacerbation of the mucosal injury. Most of the

villi were atrophied, denuded and altered in shape with loss of their finger-like ap

pearance (Fig. 19). The mean height of the villi was 81.136 ± 38.216 showing sig

nificant decrease than the height of the villi of both the control (P < 0.001) and the

group subjected to ischemia reperfusion (P < 0.001) (Table I). Regarding the mean

thickness of the villi it was 40.66 ± 17.92 showing again significant decrease than

the thickness of villi of both the control group (P < 0.001) and than the group sub

jected to ischemia reperfusion (P < 0.001) (Table 2). The pattern of organization of

cnterocytes was completely lost (Fig. 19). The mean height of enterocytes was 54.16

+ 8.32 showing significant decrease than the control (P < 0.001). However. on
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comparing with the group subjected to ischemia reperfusion, the height of enterocy

res did not show significant variation (P > 0.05) (Table 3).

Furthermore, numerous enterocytes were detached along the entire length of

the villi. The detached cells had condensed or pyknotic nuclei (Figs. 19, 20). Large

areas manifested ulceration and mononuclear cellular infiltration (Fig. 21). The vil

lus stroma showed extensive hemorrhage and marked mononuclear cellular infiltra

tion ( Figs. 19, 21). Silver-stained sections clarified almost complete disruption of

the reticular fibers as they appeared thin. short and fragmented (Fig. 22).

Scanning electron microscopic examination further demonstrated that the villi

were atrophied, irregularly oriented and the apex of the villi was completely distort

ed. The jejunum showed wide areas of ulceration with complete loss of the surface

epithelium and microvilli (Fig. 23). Immunohistochemical studies showed that the

nitric oxide synthase reaction in the endothelial cells was extremely weak and local

ized (Fig. 24).

B) Distal Segment:
Light microscopic examination of the jejunal segment distal to the segment

subjected to continuous ischemia revealed that the villus structure was generally pre

served apart from broadening and flattening of the apex of the villi (Fig. 25). The

mean height of the villi was 186.35 ± 74.53 manifesting significant decrease than

the control (P < 0.01) (Table 1). The mean thickness of the villi was 88.74 ± 33.49

showing significant increase than the control (P <-0.01) (Table 2). On comparing

with the ischemic segment, the height of the villi in the distal segment showed sig

nificant increase (P < 0.001) (Table 1). The mean thickness of the villi showed also

significant increase (P < 0.001) (Table 2). Though the enterocytes were not detached

but they exhibited few condensed nuclei (Fig. 25). Moreover, the height of enterocy

tes was 68.60 ± 8.35 showing significant decrease than the control (P < 0.001)

(Table 3). However, on comparing with the ischemic segment the height of enteroc

ytes was significantly higher (P < 0.(01) (Table 3). The core of villi showed severe.

mononuclear cellular infiltration (Fig. 25). Silver-stained sections revealed that the

reticular fibers were densely arranged in the basal parts of the villi (Fig. 26).

Scanning electron microscopic examination demonstrated that the jejunum was

studded with closely packed villi and some villi showed detached apices. (Fig. 27).

The characteristic finding in the distal segment was the presence of filamentous

mucous threads encroaching on the villi (Fig. 2R). Immunohistochemical studies
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clarified that the nitric oxide synthase reaction was intense particularly in the endo

thelial cells in the apical parts of the villi (Fig. 29).

Table 1 : The Height of Villi :

Ischemic segment in Distal segment In Ischemic segment. In Distal segment in
ischemia reperfuslon Ischemia reperfuslon contlnllOlls Ischemia continuous Ischemia

M: 214.051. M; 285.578· M: 81.136· M: 186.359.
SD: 53.686 SD: 90.343 SD: 38.216 SD: 74.531

Control t : 2.581 t: 0.734 t : 6.252 t : 2.939
M: 321.070 p< 0.01 p> 0.05 p< 0.001 p< 0.01
SD: 132.475 HS NS HS HS

Ischemic t: - 2.322
segment in P< 0.05
ischemia S
reperfusion

Ischemic
t:7.176 t :.9.889

segment in
p <0.001 P < O,()()I

continuous
HS HS

ischemia

HS : Highly Significant.

S : Significant.

NS : Non-Significant.

: Student's "t" lest.
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Table 2 : The Thickness of Villi:

Ischemic segment in Distal segment In Ischemic segment In Distal segment In
ischemia reperfuslon Ischelnia reperfusion l'onlimlOus ischemia continuous ischemia

M: 84.971· M: 47.332· M: 40.665· M: 88.743·
SD: 36.863 SD: 6.452 SD: 17.927 SO: 33.492

Control t: - 2.276 t : 5.556 t:3.717 t : 2.880
M: 60.568 P< 0.05 P< 0.001 P< 0.001 P < 0.01
SD: 4.932 S HS HS HS

Ischemic I: 3.335
segment in P < 0.01
ischemia HS
reperfusion

Ischemic
I: 3.956

segment in
I: ·4.6993

P< 0.001 P<O.OOI
continuous

HS HS
ischemia

Table 3 : The Height of Enterocytes :

Ischemic segment In Distal segment In Ischemic segment In Distal segment In
ischemla reperfusion Ischemia reperfusion continuous ischemia continuous ischemia

M : 52.239· M :65.145. M: 54.164· M: 68.600·
SO: 6.560 SD: 8.782 SD: 8.326 SO: 8.358

Control t : 9.491 t : 6.775 t : 9.380 t: 6.377
M: 99.349 P<O.OOI P < 0.001 P < 0.001 P< 0.001
SD: 14.46 HS HS HS HS

Ischemic t : - 3.782
segment in P < 0.001
ischemia HS
reperfusion

Ischemic
t: - 5929

segment in t: - 4.2381

continuous
P > 0.05 P<0.OO1

ischemia
NS HS

- 53 -

echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle



Flg. (f ) ; An illurtration rhowing ;
s) The s€lectad JeJunnl segment.
b) The llgrtlon of tbe ternrlnal blood vess{ts.
c) The ocrluslon ofthe termlnel blood v+sscls,
d) The JeJunnl segments follo!fllng lschemla.
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FIg. (4) ; A pholofiicrognph of a sr'c-
tion of ieiunum ol rabbit of the con-
rrol .gr6up show.ing-.fine,elongatcd,
cffillnuous ftltculilr Irtcrs ( | ).

(Wilder Stain, x 200)
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FIg' (51 : A scanning elcctron mjgogrlRlr o[ jcjununr of rabbir of rhe control gnrup, Norice the closelypacked, regularly orientcd villi with welldelinid ourlines.
(Scale har 200 grnr)

Fls. (6) : A scannins electron nricregraph 9j jejunum of rahhit of thc control group showing rhe pehbledsurfact of thc villi d), Noricc rhe go6lci cetls'181. 
(scale bar 20 prm)
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FIg. (7) : A photomicrograpfi ol a rr'r'-
tion ofjejununr of rahbit of thc crm-
trol gtoup. Notice the rritric oxide syn-
thase reaclion in thc r'ntlothelinl cc'lls
along the entirc corc ol thc villu* r "

(NOS imnrun,r-* la in ing.  r  J(xtr

l . -,
f
I

Flg, (8) : A photornicrograph of a sectim of the ischemic sf,'gnlent ofjr'junutn of rabhit of group I show-
ing dislorled patlem ofenteroc',tes. Notice the dctached enterocyte$ (e), eosincphilic meterial (s) and the
rei blood celfs tT).

( l ' l x .&8 . , x400 )
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Fle. (f0) I A phoionricrograph of a
seition ttf tlte irehcnric segmerrt of jej-
ununr ol group l. Noticc, the panial
disntrrtion and corttpressiort of the re-
ticuLir fiber (t).

(Wildcr srrrin, x 200)
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Fig' 1 I l) ; A scanninc elcctron, nricrograph of tlre ischemic.segmcnt o-f.jejununr of rahbir of.grorrp (I)
:lYll+,'hXllti *ithlll defined hounrlirif- Or ""1 

a.i-.i,ea ayix t"i. r'rd,i*'iii- pr"ii,r.u *,,,,ou, *ur-r f c c v r u l ( | | ) .

(Scale bar 200 um)

Fig. (I2).:.A sturtning elcctron microgruph of the ischcmic sl'gnicnt of jcjunrrm of rabbit of group I show-
ing sloughilg of surlhce epirheliunr and iricrovitti (T).

(Scnlc bar 500 um)
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Irig. (l-l) ; A photonticrograph of a section ofthe ischemic segnlcnt ol jejununr ol'rabhit of group I show-
ing werk nitric oxidc synthdic rcdction (T).

(NOS inuuuno-strrinirrr: x 40O)
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Fls.(15) lAPhdotrr icrosraplrofasect ic ' r r - t r f t | ret l is t -a l .sc;n lenrof jc jununrofrahhi tofgrr : lupls| rowi t rg
thiikened branching rcticular fibcrs in basal Parts ol vtllr ( | l. 

11y;14,:1 slnin; x 200)
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Fie. (16) : A scarurilg clectron micrograph of distal segnrent ofjejunuru of rablrit of group (I). N$tice the

irrcgular orientation of villi' 
(scale bar 200 trrm)

Fie. (f7) : A scanning electron mtcro'
griph .f di*ttl segment ofjejunum of rab-
Eit'.f sroup I. Notice thc aggregates of
g*oblet 

-celli 
(g) arrd rhe pebbled surface

( t ) .
(Scale bar 20 Pnt)
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Irig. ( | t)) ; .'\ I' lr, '1, rrl icrogtaph ()f a section o[ tlre isclrcnric segment oI jtjunum of rabbit of group IL No-
rice thc irlrdpliied villi anti rhe loss of linger like appearanc-c, 

(ltx. & E.: x ?00)

Ftg. (20) I A photomicrogrftph of l seclion of lhe ischemic segmenl of jejunum ol rahbit of group Il
r[qwing villi with tlctached enlerocytes (e). Notit-'c the pyknotic nuclei (n) and thc exlensive hcmorrhage
ft). 

-
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I.' ig. (21) ; A plrotonticrogralrh of a scction ol thc isclrcnric s.:gnlent-of jl 'f"ty+l of rabbit of group II

shlwing wi<re irea of ulccration (r). Ndicc rhc nrtmorrucreirr ccrlrrrirr Inlrrrrilrr(xr ( | , 
(llx. & Ij.; x :rft))

Fie. (22) : A photonricrograph of a section of the ischcmic segrtlcnl ofjejununr o[ rahbit uf grtup ll. No-

Iicc the thin, shorl and fragmcnted reticular fiben. 
(Wilder srain: x 20o)
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Flg. (23) ; A scimning clcctlon micrograph ol ischcnric scgrllcrrt ofjejunum of rabbit o[ group (ll) show-
inf atrophicd villi with distorted nPex ( T ). Nol icc lhc areas o[ ulcrat ion (u). 

( Scale 'ar 2OO trrn )

I.'ig. (2{) : A photomicrogrnp! gf I
section of ischenric segfient of rahbit
of group II. Notice the weak, localized
nitiiLc oiide synthase rcaction (T).

(NoS immuno-stainirri i +tl0)
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Fig. (25) : A plrotonricrograph. of it
seition of the distrrl scgnrent ofjeju-
nunr of rabtrit of group ll showing the
brtxrd tip of tht villi. nrotronucleilt cel'
lu lar  inTi l t rat ion (nr)  and condensed
ruclc i  (n) .

( H x . & E . . x 4 0 0 )
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Fig, (26) : A photorttictrrgraph of a
section of the distal segnrcnt of jeju-
nuil) of rabbit of group II showing
dense rcticulal filrers (r) in lhc: [rasal
parts of villi.' 

(WikL'r stain; x 200)
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Fig. (2?) : Scrnning elecrron nricrograph oI thr tlistal ricgnrent ofjcjunum of rabbit ol gtoup (ll) showittg

villi with tlctirr:hed apex. 
(scalc bar Z0o um)

Fig. (28) ; Scalling elecrron micrcgraph of rhe distirl scgn)ent ol jejunum of rabbits of group ll. Notice

thd filMlcntous mucus Ihrcrds.
(Scale bar I00 Hr )
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Fig, (29) : A plrolonricrograph o[ a
sectiorr of distal scgntcnt oI jejunum
of ralrlrits of group II. Notice the in-
tcnsc nitric oxide svnthase reaction in
apical parts of vili tt).' - 

(NOS immuno-slninirrg x 400)
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DISCUSSION

The present study revealed that the intestine subjected to segmental ischemia

reperfusion or continuous ischemia was dramatically affected. Furthermore. it pro

vided evidences that delayed morphological changes were not limited to the ischem

ic segments but involved distal segments as well.

The present work revealed that fol1owing ischemia rcperfusion the general ar

chitecture of the villi was largely preserved. However, the mean height of the villi

was significantly reduced. In continuous ischemia, there was exacerbation of muco

sal injury. Most of the villi were denuded. atrophied with loss of their finger like

shapes. Significant reduction in the mean height of the villus was further noticed. It

is hypothesized that the height of the villi is the most reliable and early detectable is

chemic change. It could be considered as an excellent parameter for evaluating early

ischemic changes (Puglisi et al., 1995). The present work showed that the changes

in the height of the villi could be considered as one of the remarkable signs of the

delayed morphological changes in both ischemia and rschcmia-rcperfusion. The sig

nificant shortening of the villi in continuous ischemia than in ischemia reperfusion

would be expected to cause more reduction in the mucosal surface area (Vatistas et

al.,1998).

On the other hand, in the ischemic segment the mean thickness of the villi in is

chemia repcrlusion was significantly increased, while during continuous ischemia

the mean thickness of villi was significantly reduced when compared with the con

trol or with the group subjected to ischemia rcperfusion. The increased thickness of

villi during ischemia rcperfusion is most likely attributed to mucosal edema and

acute accumulation of extracellular tluid rather than to the effects of diminished

blood flow (Ostgaard and Reed, 1995; Rha et al., 2000). The reduction of thick

ness of villi encountered in the present study during continuous ischemia is probably

due to the absence of edema. It is believed that mucosal edema develops only on rc

perfusion (Puglisi et at, 1995).

Although the villi preserved their finger-like shapes durin; ischemia

reperfusion, yet the typical brush border was ill-defined. The enterocytes were sig

nificantly reduced in height and their pattern of organization was distorted. Numer

ous enterocytes were detached and lifted from the villus stroma. Similarly, during

continuous ischemia the height of cnterocytes was significantly reduced when com

pared to the control. However, it did not show significant variation from the height

of cnterocytes in ischemia-reperfusion, Unlike ischemia-rcperfusion. the entcrocytes

echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle



in continuous ischemia were frequently detached along the entire length of the villi.

Moreover. the detached cells had condensed or pyknotic nuclei.

Iktachment of enterocytes from the tips of the villi was the early characteristic

Ic.uurc of ischemic damage to the small intestine (Ikeda et al., 1998). The present

work showed that detachment of erucrocyrcs was also a prominent delayed feature

of ischernia-repcrfusion. The reason for epithelial shedding is the appearance of

membrane enclosed cytoplasmic blebs which arise at the base of the enterocytcs and

cause the detachment from the basement membrane (Ikeda et al., 1998). The con

densation of nuclei and pyknosis are the characteristic morphological features of

apoptosis (Puglisi et aI., 1995). It has been proposed that the interaction between the

extracellular matrix and detached cells plays a critical role in apoptosis (Frisch and

Francis, 1994). Moreover, it was hypothesized that apoptosis might be due to in

creased plasma levels of histamine (Yoshida et aI., 2000). Recently, oxidative stress

was considered also as one of the causes of apoptosis (Jacob et aI., 2003).

Scanning electron microscopic studies further revealed that following ischemia

rcperfusion the villi were frequently fused together with ill defined boundaries and

irregular orientation. The morphological alterations were noticed mainly in the api

cal parts of the villi as they appeared irregular and manifested multiple small knobs

or were partially detached. The surface of the villi showed sloughing of epithelial

cells and ill-defined microvilli. Localized areas without surface villi were also en

countered. On the other hand, during continuous ischemia, the apices of the villi

were completely distorted and (he jejunum exhibited wide areas of ulceration with

complete loss of the surface epithelium and the microvilli. II was reported that su

perficial necrosis always started at the lips of villi in ischemia rcperfusion (Chin et

at, 2002). In the present work, it was evident that the degenerative changes were

manifested in the apical parts of the villi in both models of ischemia performed.

Schlichting et al. (1995) noticed shrinkage of the villi. mucosal ulceration, necrosis

and complete loss of epithelial cell renewal in ischemia-reperfusion achieved by

complete occlusion of the superior mesenteric artery. Occlusion of arcades followed

by reperfusion was assumed to cause reduction of epithelial converge up to 23%

(Gangadharan et aI., 1995).

The sloughing of epithelial cells noticed in the present work might greatly hin

der the absorption of nutrients produced by the digestive process. Moreover, the ab

sence of microvilli might abolish their physiological function and reduce contact be

tween intestinal surface and the nutrients disturbing the absorption (Junqueira and

Carneiro, 2003). The surface ulceration encountered in the present study following
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continuous ischemia might imply that the epithelial harrier integrity is impaired. The

impairment is triggered by tissue hypoxia and the activation of the phagocytic sys

tem which might lead to macromolecular leakage and finally might lead to organ

dysfunction (Sun et al., 2000).

In the present study. the core of the villi represented distinguishable changes in

both models of ischemia. In ischemia rcpcrfusion. the core manifested mononuclear

cellular infiltration. amorphous eosinophilic material and agreggation of red blood

cells. Less frequently. vacuolated areas were noticed. In addition, the reticular fibers

were compressed and partially disrupted. In continuous ischemia, the core exhibited

extensive hemorrhages and marked mononuclear cellular infiltration, while the retic

ular fibers were thin, short and fragmented.

The mononuclear cellular infiltration encountered in the present work might he

a function of cytokinc induced neutrophil chemoattractant which is elevated during

ischemia or ischemia reperfusion playing an important role in neutrophil infiltration

(Yaglhashi et al., 1998). Leucocytic infiltration could heattributed also to increased

vascular or mucosal permeability (Kanwar et al., 1998). The lcucocytes were not

only increased but were assumed to be adherent (Kalia et al., 2001). The present

study clarified that the cellular infiltration during continuous ischemia was always

accompanied by hemorrhage, It is believed that hemorrhagic mucosal lesions pro

duced during ischemia arc due to accumulation and activation of polymorphnuelear

leucocytes in the I issues and might predispose to sepsis (Rollwagen et al., 2000). In

hibition of neutrophil accumulation could attenuate hemorrhagic mucosal lesions

(Schoenberg et al., 1995).

Immunohistochemical studies revealed that endothelial cells of blood vessels

within the core of the villi of the control groups exhibited strong nitric oxide syn

thase reaction mainly in the apical parts of the villi and to lesser extent in the basal

parts of the villi. The present study revealed that nitric oxide synthase reaction was

weak in ischemia reperfusion and occurred at interrupted wide intervals. In continu

ous ischemia the reaction was extremely weak and localized. The production

of nitric oxide and its role during ischemia is still subjected to controvert ideas. The

weak reduced nitric oxide synthase reactions encountered in the present work is sug

gestive of diminished nitric oxide production during ischemia. Microvascular im

pairments arc generally noticed to he associated with reduction in nitric oxide pro

duction (Fruchterman et at, 1998). Inhibition of nitric oxide synthase might

participate in intestinal apoptosis (Yoshida et aI., 2000). Moreover, diminished
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nitric oxie synthase could be the cause of structural and functional alterations in the

mitochondria (Madesh et al., 2000).

Activation of nitric oxide synthesis and production to achieve a cytoprotective

role was only noticed if ischemia was proceeded with ischemic preconditioning

(Valso\' et aI., 2002). Contrary 10 the results of the present work, Takada et al,

(1998) noticed accelerated nitric oxide production in ischemia reperfusion and sug

gested that it participated in breakdown of intestinal mucosa, exerting a cytotoxic ef

fect.

The intestinal segments distal to ischemia are of special clinical importance.

The morphological changes in such segments were not properly clarified. The

present work illustrated that during ischemia reperfusion, the general architecture

and the shape of villi in the distal segment were intact. The height of the villi did not

exhibit significant variation from the control. On the other hand in continuous ische

mia, the shape of the villi in the distal segments was also intact apart from slight

broadening of the villus tips. The mean height of villi was significantly reduced.

Such discrepancy in the height of villi might indicate that in ischcmia-roperfusion

the mucosal surface area is probably unaltered and preserved in distal segments.

However, it might be disturbed in continuous ischemia (Vatistas et al., 1998). Mor

phometeric analysis comparing the height of villi in distal segments of both models

of ischemia performed with height of villi in the ischemic segments showed that the

height of villi in distal segments was always higher.

During ischcmia-reperfusion the mean thickness of villi in distal segments was

significantly decreased than both the control and ischemic segments, while during

continuous ischemia the mean thickness of villi in distal segments was significantly

increased than both the control and ischemic segment. The decrease in thickness of

villi in ischemia reperfusion indicates absence of edema in distal segments and its

restriction to ischemic segments only (Puglisi et aI., 1995). The increase in thickness

of villi in continuous ischemia is suggestive of occurrence of edema in distal seg

ments. Clinically, incisions are preferred. to be done in distal segments to ischemic

site in order to make it in less edematous area (Steen Voorde et aI., 2003).

Scanning electron microscopic examination revealed that the villi in distal seg

ments of both ischemia and ischemia-reperfusion had preserved outlines, intact sur

face epithelium and microvilli. However, during ischemia-reperfusion goblet cells

formed multiple aggregates. Moreover, in continuous ischemia the surface of villi
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manifested filamentous mucus threads. The intense mucus secretion provides

protection and lubrication to intestinal segments potentially exposed to inflamma

tion (Jacob et al., Z003).

Furthermore, the present study clarified that the core of villi in distal segments

exhibited marked mononuclear cellular infiltration. It is believed that during ische

mia the inflammation is not restricted to the ischemic segment only or segments dis

tal. It is postulated that ischemia favors the increase of rnicroflora and the dissemina

tion of different organisms even in the spleen. kidney and liver (Meddah et al.,

ZOOl). The increase in microorganisms triggered an increase in the resident inflarn

matory cells within the gut wall and raised the possibility that under conditions of is

chemic stress, pro-inflammatory mediators might also be activated by toxic factors

in gut lumen (Harari et aI., 2000).

In addition to the marked mononuclear cellular infiltration the present work re

vealed that the core of villi had extensive branching thickened network of reticular

fibers particularly in the basal parts of the villi. Generally. the small diameter of the

reticular fibers and their loose deposition create a flexible network in organs subject

ed to motility or changes in volume (Junqueira and Carneiro, 2(03). The thicken

ing and branching of reticular fibers noticed in the core of the villi might explain the

decreased motility. contraction frequency and relaxation frequency noticed after is

chemia and might clarify the occurrence of clinical ileus or transit ingest in distal

segments (Malone and Kanaan, 2001).

The present study further clarified that the core of villi in the distal segments

exhibited intensified nitric oxide synthase reaction particularly in the apical parts of

the villi. The intense reaction is suggestive of increased nitric oxide production. Nit

ric oxide formed in the endothelial cells diffuses in the blood to exert its effects

(Kozlov et at, ZOOI). It is believed that nitric oxide could probably provide protec

tion to the distal bowel (Chan et al., 1(02). Administration of nitric oxide donner

FK 409 in ischcmia-reperfusion significantly reduced leucocytcs adhesion, macro

molecular leakage and maintained villous blood now and was of great value in re

ducing tissue damage (Kalia et at, 2001). TIle intense nitric oxide synthase reaction

noticed in the present study might indicate that nitric oxide seems to be involved in

bowel protection after ischemia. and could be of value in maintenance of the distal

segments.

In conclusion. the present work clarified that persistent morphological and mor

phometric changes were encountered in the jejunal villi following ischemia

reperfusion, These changes were more evident following continuous ischemia. The
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distal segments manifested few alterations that should be considered during clinical

management of ischemia or ischemia-rcperfusion,

SlJMMARY

The aim of the present work was to illustrate the delayed morphological and

morphometeric changes following segmental ischemia and ischcrnia-reperfusion in

the jejunal villi of rabbits. Moreover. the present work aimed to investigate the

changes that are likely to occur in intestinal segments distal to ischemia. Rabbits

were divided into two groups. In the first group the terminal blood vessels of the se

lected jejunal segments were occluded for sixty minutes with a vascular clamp fol

lowed by rcperfusion. In the second group the terminal blood vessels of the selected

jejunal segments were continuously ligated with polygalactin, Both the ischemic and

distal segments were excised aftcr 24 hours.

Following ischemia-repcrfusion, the ischemic segment exhibited significant de

crease in height and significant increase in thickness of the villi. The enrerocytcs

were disorganized and significantly reduced in height. The core of villi contained

mononuclear cellular infiltration. eosinophilic material. aggregation of red blood

cells and disrupted fragmented reticular fibers. Moreover. nitric oxide synthase reac

tions were weak. Scanning electron microscopic examination revealed distorted par

tially detached apices, sloughing of the epithelial cells of the villi and ill-defined mi

crovilli. Oil the other hand, segments distal to ischemic ones, revealed non

significant variation in height and significant reduction in thickness of the villi as

compared to the control group. However. on comparing with the ischemic segment,

the height of the villi was significantly higher and the thickness was significantly re

duced. The villi had intact brush border and regular arrangement of enterocytes, but

their height was significantly reduced. The core of the villi manifested severe mono

nuclear cellular infiltration. thickened dense reticular fibers and strong nitric oxide

synthase reactions. Scanning electron microscopic studies revealed irregular orienta

tion of some villi. However, the surface epithelium was intact and exhibited numer

ous microvilli. Aggregations of goblet cells were commonly noticed.

Following continuous ischemia, the ischemic segment presented atrophied villi.

The mean height and thickness of the villi were significantly reduced as compared to

the control or to the group subjected to ischemia-reperfusion. The pattern of organi

zation of cnterocytes was lost and the cells were significantly reduced in height. The

enterocytes were detached along the entire length of the villi and the detached cells
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showed condensed and pyknotic nuclei. The core of the villi exhibited hemor

rhage, mononuclear cellular infiltration, complete disruption of the reticular fibers

and extremely weak localized nitric oxide synthase reactions. Scanning electron mi

croscopic examination showed areas of ulceration with complete loss of surface epi

thelium and microvilli. Regarding the distal segment, the villi showed significant de

crease in height and significant increase in thickness as compared to the control. On

comparing with the ischemic segment. the height and thickness of the villi of distal

segments were significantly increased. Though the entcrocytcs were not detached,

they were significantly reduced in height and showed few condensed nuclei. The

core exhibited marked mononuclear cellular infiltration, dense reticular fibers in the

basal parts of the villi and strong nitric oxide synthase reactions. Scanning electron

microscopic examination revealed characteristic filamentous mucus threads en

croaching on the surface of the villi. It was concluded that persistent changes were

noticed in jejunal villi following both models of ischemia. However. the changes

were deleterious in continuous ischemia. Distal segments revealed slight alterations

particularly in the core of the villi.
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