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Objective
To investigate the existence of a pathway between intralumi-
nal products and the muscularis leukocytic infiltrate.

Summary Background Data
Mild intestinal manipulation or lipopolysaccharide initiates an
intense inflammatory response within the intestinal muscularis,
resulting in paralytic ileus. A major potential morbidity factor in
ileus is luminal bacterial overgrowth.

Methods
ACI rats were subjected to small bowel manipulation, after
which fluorescent carboxylated or paramagnetic micro-
spheres were administered into the gut lumen. Animals were
killed between 0 and 24 hours; unoperated rats served as
controls.

Results
Intestinal manipulation led to an early transient transference of
microspheres from the intestinal lumen into mesenteric lymph

that was not observed in unmanipulated controls. A time-
dependent, significant increase in microsphere-laden phago-
cytes was observed within the intestinal muscularis. Immuno-
histochemistry and electron microscopy of the intestinal mus-
cularis identified the phagocytes as extravasating ED1�

monocytes. Interruption of the lymphatics abolished the accu-
mulation of microsphere-laden monocytes within the muscu-
laris, although a significant monocytic recruitment could still
be observed within the intestinal muscularis.

Conclusions
These data show that intestinal manipulation leads to a tran-
sient increase in mucosal permeability and that the extraintes-
tinal endocytotic uptake of transferred particles by circulating
monocytes precedes their infiltration into the gut wall. The
transference of luminal bacterial products may follow a similar
route and time course as the microspheres. The authors hy-
pothesize that endogenous bacterial products act synergisti-
cally with the inflammatory response within the postsurgical
intestinal muscularis, leading to an exacerbation of postopera-
tive ileus.

Sepsis is a life-threatening complication in trauma pa-
tients and in patients undergoing major abdominal and
extraabdominal surgery.1–4 In the United States alone, the
yearly incidence of Gram-negative bacteremia is approxi-

mately 250,000, with an associated death rate of 20% to
50%.5–7 During the past two decades, the role of the intes-
tine has been investigated as the primary source of bacteria
and bacterial toxins in causing systemic sepsis in critically
ill, postsurgical, and trauma patients.3,4,8–11 It has been
estimated that the gastrointestinal tract contains more bac-
terial organisms than the total composition of cells making
up the human body.12–14 The colon has the largest microbial
population of the intestine, with microscopic counts in the
feces being on the order of 1012 microorganisms per gram
wet weight.15

It is known that ileus is accompanied by intestinal bac-
terial overgrowth, producing even higher amounts of bac-
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terial products within the gut lumen.16,17 However, the
relevance and prevalence of intestinal bacterial transloca-
tion and of transference of bacterial products in the devel-
opment of systemic sepsis continue to be debated.18–23

In healthy subjects, translocation and transference mech-
anisms occur continuously, with the amount of transferred
particles being normally filtered by the existing immune
defense system.22,24,25 Lipopolysaccharide (LPS) is known
to be cleared rapidly from the blood by binding to high-
density lipoproteins (HDL) and by being phagocytized by
blood cells, liver, spleen, lungs, and adrenals.26–29 How-
ever, as soon as normal intestinal motility or barrier function
is disrupted, the host becomes subjected to the intraluminal
overgrowth of virulent bacteria.16 Bacterial translocation
and transference of bacterial products from the gastrointes-
tinal tract involve complex interactions between host de-
fense mechanisms, motility, mucosal permeability, and the
ability of particles to cross the intestinal barrier.12,30,31 It is
now accepted that gut-derived LPS and other bacterial prod-
ucts contribute to death and complications in trauma pa-
tients and patients undergoing major surgery.20,32–34

We have shown that LPS causes ileus by initiating an
inflammatory response within the intestinal smooth muscle
layer and a subsequent decrease in in vitro and in vivo
smooth muscle contractility.35 We have also shown that
gentle manipulation of the small intestine leads to postop-
erative ileus through the promotion of a postoperative cel-
lular inflammatory response within the manipulated intesti-
nal smooth muscle layer.36 Recently, we have generated
evidence to suggest that these two insults act synergistically
to cause ileus.37

Because postoperative ileus is known to favor intralumi-
nal bacterial overgrowth and alter the intestinal barrier
function,38,39 the central aim in this study was to test the
hypothesis that a pathway opens to allow an interaction
between luminal bacterial products and the surgically trau-
matized intestine. We investigated this by visualizing the
escape of fluorescent microspheres from the gut lumen in
response to intestinal manipulation.

METHODS

Animals

AxC 9935 Irish, inbred strain male rats (ACI) (200–250 g)
were obtained from Harlan-Sprague-Dawley (Indianapolis,
IN). The University of Pittsburgh Institutional Animal Care
and Use Committee approved all experimental animal pro-
tocols. Animals were housed in a pathogen-free facility that
is accredited by the American Association for Accreditation
of Laboratory Animal Care and complies with the require-
ments of humane animal care as stipulated by the U.S.
Department of Agriculture and the Department of Health
and Human Services. They were maintained on a 12-hour
light/dark cycle and given free access to commercially
available rat chow and tap water.

Experimental Groups and Surgical
Procedures

In the first set of experiments, two groups of animals were
studied. The intestinal manipulation group consisted of an-
imals that had their small bowel subjected to eventration
and an easily standardized, mild surgical manipulation as
described previously.36 The control group consisted of cor-
responding unoperated and untreated animals. In brief, in-
testinal manipulation was performed on methoxyflurane-
anesthetized animals through a midline incision into the
peritoneal cavity. The manipulation model was constructed
by having the small bowel eventrated to the left onto a moist
gauze with additional light manipulation of the entire bowel
with two moist cotton applicators, which lasted a total of 15
minutes. After manipulation, the laparotomy was closed
using a double-layer running suture. The bowel manipula-
tion procedures caused no deaths. In both controls and
manipulated animals, fluorescent or paramagnetic micro-
spheres were instilled into the stomach by gastric gavage,
the small bowel by duodenal injection, or the colon by
injection into the proximal colon. The instilled volume was
0.2 mL, containing approximately 107 to 108 microspheres.

Two additional sets of animals were also studied. An
ileocolostomy was performed on one set of animals to
obtain two different small intestinal loops that emptied into
the cecum. This model was used to investigate the route of
different sizes and colors of microspheres. Another set of
animals underwent lymphatic discontinuation at the subdi-
aphragmatic common lymph duct.

All animals recovered quickly from surgery and generally
began to eat and drink within 12 hours. Animals were killed
between 0 and 24 hours or 3 days after manipulation, and
the intestine was used for histochemistry, immunohisto-
chemistry, and electron microscopy.

Histochemistry and
Immunohistochemistry Staining and
Electron Microscopy

Whole mounts and cross-sections of the intestinal mus-
cularis were studied for the presence of microspheres and
resident and recruited leukocytes as well as the cellular
localization of microspheres. Midjejunal segments were cut
from the bowel and immersed in chilled Krebs Ringer
buffer (KRB) in a Sylgard-bottom glass dish (Midland, MI)
at 4°C, as described previously.40 The length and width of
each jejunal segment were measured with a caliper, and then
it was gently pinned down along the mesenteric border. The
bowel was opened along the mesentery and stretched to
150% of the length and 250% of the diameter. The opened
segments of jejunum were fixed in 100% ethanol or 4%
paraformaldehyde for 10 minutes. Each segment was
washed twice in KRB, and mucosa and submucosa were
stripped off under microscopic observation. The mucosa-
free muscularis whole mounts were finally cut into 0.5 �

32 Schwarz and Others Ann. Surg. ● January 2002



1-cm pieces and used for fluorescent microscopy and stain-
ing procedures. Cross-sections were made from paraform-
aldehyde-fixed intestinal tubes and used for the same his-
tochemical and immunohistochemical staining procedures.
Polymorphonuclear neutrophils were visualized by a my-
eloperoxidase (MPO) stain: freshly prepared whole mounts
were immersed in a mixture of 10 mg Hanker-Yates reagent
(Sigma, St. Louis, MO), 10 mL KRB, and 100 �L 3%
hydrogen peroxide (Sigma) for 10 minutes. The reaction
was stopped with cold KRB. Muscularis whole mounts
were also used for immunohistochemical analysis. The
muscularis whole mounts were incubated for 24 hours at
4°C in the primary antibody, followed by three 5-minute
washes in 0.05 mol/L phosphate-buffered saline (PBS). We
performed immunohistochemical stainings for ED1 (mono-
cyte specific antibody [1:100]; Serotec, Indianapolis, IN)
and ED2 (resident macrophage specific antibody [1:100];
Serotec). The specimens were then incubated in the appro-
priate secondary antibody (R-Phycoerythrin [RPE]-conju-
gated goat–antimouse secondary antibody [1:50]; DAKO
Corp., Carpinteria, CA) at 4°C overnight and washed three
times for 5 minutes in PBS. Whole mounts were cover
slipped and inspected by light or fluorescent microscopy
after staining. Leukocytes were counted in five randomly
chosen areas in each specimen at a magnification of 200�.
Nonspecific isotype-matched antibodies and primary anti-
body incubation without secondary antibody were used as
negative controls.

Intestinal specimens from each animal, which had been
previously fed with silica or paramagnetic microspheres,
were fixed in 2.5% glutaraldehyde in PBS. Mucosa-free
muscularis whole mounts as well as cross-sections from
intestinal tubes were processed for standard electron
microscopy.

Drugs and Solutions

A standard KRB was used as described previously.41 This
physiologic solution was gassed with 97% O2/3% CO2 to
establish a pH of 7.4. KRB constituents and bethanechol were
obtained from Sigma. Carboxylate-modified fluorescent latex
microspheres were obtained in different sizes and fluorescent
dyes from Sigma. Uniform silica microspheres with a mean
diameter of 0.30 �m and Estapor superparamagnetic beads
with a mean diameter of 0.46 �m were acquired from Bangs
Laboratories (Fishers, IN). Antibodies were diluted in 0.05
mol/L PBS containing 0.2% bovine serum albumin (Sigma),
100 U/mL penicillin G, and 100 �g/mL streptomycin (Boehr-
inger Mannheim, Indianapolis, IN).

Statistical Analysis

Data were compiled as mean � standard error of the
mean. Statistical analysis was performed using the unpaired
and paired Student t test. Data were considered statistically
significant at P � .05.

RESULTS

Recruitment of Fluorescent
Microspheres into Intestinal Muscularis
by Manipulation

Because of the synergistic potential for bacterial products
to interact with the muscularis leukocytic infiltrate, we
sought to determine whether luminal small particles could
transfer out of the intestinal lumen after intestinal manipu-
lation. To image and follow the pathway of transferring
particles clearly, we intraluminally administrated fluores-
cent carboxylated latex microspheres of different sizes and
colors. The fluorescent microspheres used ranged from 0.1
to 2.0 �m in diameter, which covers the size range of
luminal contents from microbial products to intraluminally
present bacteria. Whole mounts prepared after 24 hours
from microsphere-injected control animals were devoid of
fluorescent microspheres within the intestinal muscularis.
However, when microspheres were injected into the duode-
nal lumen immediately after intestinal manipulation, we
observed an increasing recruitment of bead-laden cells be-
ginning at 6 hours after surgery and progressing through 24
hours after manipulation (Fig. 1). As shown in Figure 2, we
were able to quantify the progressive time-dependent ap-
pearance of these bead-laden cells into the muscularis ex-
terna microscopically by recording the emitted fluorescence
from whole mounts at specific time points (0, 6, 12, 18 and
24 hours) using a lux meter. We observed that the amount
of bead-laden cells was dependent on the severity of ma-
nipulation. Three increasing degrees of manipulation were
tested: eventration, running, and compression. Qualita-
tively, these data showed a progressive increase in bead-
laden cells within the manipulated intestinal muscularis.
The presence of fluorescent cells within the muscularis also
depended on bead size: few microspheres larger than 0.8
�m were observed within whole mounts of the manipulated
muscularis after 24 hours.

We have previously timed the observed suppression in
jejunal circular muscle contractility and found that it di-
rectly correlated with the temporal recruitment of leuko-
cytes into the muscularis externa.42 In a subsequent study,
we showed that the late suppression in muscle function was
directly caused by the leukocytic infiltrate.43 Therefore, we
designed an experiment to determine whether microsphere
transference was also caused by the cellular inflammatory
response within the intestinal wall.

First, yellow fluorescent beads (0.4 �m in diameter) were
given immediately after the intestinal manipulation; 12
hours later, red fluorescent microspheres (0.1 �m) were
administered by gavage. The use of two different colors of
microspheres administered at different time points after
intestinal manipulation resulted in the presence of only
yellow fluorescent bead-laden monocytes 24 hours after the
procedure, showing the transient nature of the mechanism
by which the intraluminal particles exit the gut. The se-
quence of colored bead administration did not change our
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observation: a red–yellow bead temporal sequence resulted
in only red bead-laden monocytes within the muscularis.
Thus, the leukocytic inflammatory response is not respon-
sible for the luminal transference.

Phagocytosis of Microspheres by
Monocytes

To determine the cellular identity of the bead-laden cells, we
histochemically and immunohistochemically stained the bead-
laden whole mounts for MPO and specific leukocyte popula-
tions. Images from MPO stainings of whole mounts from the

manipulated intestine showed that the fluorescent beads were
contained in a cell type other than infiltrating neutrophils (Fig.
3). As shown in Figure 4, intestinal manipulation also resulted
in the recruitment of numerous ED1� monocytes into the
manipulated muscularis externa. Double-labeling the fluores-
cent cells with the monocyte-specific antibody ED1 showed a
coalescence of these two signals. These infiltrating monocytes
joined an already dense network of normally resident macro-
phages (see Fig. 4).40 Further, we observed that after 3 days,
the fluorescing cells transformed into a morphology that began
to resemble stellate macrophages (Fig. 5).

Figure 1. Jejunal muscularis layers at different time points after intestinal manipulation of the rat small intestine
with the intraluminal administration of fluorescent microspheres 0.1 �m in diameter. (Upper left) Starting at 6
hours after manipulation, cells containing fluorescent microspheres begin to be observed within muscularis
externa whole mounts. This recruitment time-dependently increased until at 24 hours after intestinal manipula-
tion a virtual carpet of microsphere-laden cells was seen within the muscularis (200� original magnification).

Figure 2. The histogram quantifies the time-dependent increase in fluorescent microsphere accumulation
within manipulated jejunal muscularis whole mounts measured with a lux meter at a magnification of 200�
at 6, 12, 18, and 24 hours after intestinal manipulation (n � 4).
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The monocytic identity of the bead-laden cells was con-
firmed using electron microscopy on intestinal specimens ob-
tained from animals 24 hours after intestinal manipulation,
which had been fed 0.3-�m silica or 0.46-�m paramagnetic

beads. As shown in Figure 6, all bead-containing cells had the
morphologic appearance of recently extravasated monocytes.
In most specimens, muscularis smooth muscle cells adjacent to
the phagocytes showed signs of necrosis. The pattern of mono-

Figure 3. Double-labeling of this manipulated whole mount after 24 hours shows that the microsphere-
laden cells in panel A photographed under fluorescent lighting are not identified as the strongly myeloper-
oxidase neutrophils shown in panel B, photographed with partial transilluminating light (200� original
magnification).

Figure 4. Manipulation induced recruitment of monocytes (panel A) to the already dense network of
normally resident macrophages (panel B) within the jejunal muscularis. Twenty-four hours after intestinal
manipulation, a large amount of ED1� round monocytes can be stained lying within the intestinal jejunal
muscularis (A). A dense network of ED2� macrophages could be discriminated in muscularis externa whole
mounts from controls using a highly selective monoclonal antibody (B).
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cyte recruitment into the muscularis was also visualized by
performing confocal microscopy on the inflamed microsphere-
laden muscularis whole mounts. Examination of successive

confocal images at various planes of the muscularis revealed
the predominant recruitment of monocytes to the serosa and to
a lesser extent to the circular muscle layer (Fig. 7).

Figure 5. Morphologic transformation of newly recruited microsphere-laden monocytes to resident mac-
rophages. Panel A shows a typical whole mount from an animal 24 hours after manipulation, illustrating the
typical round aspect of these microsphere-containing phagocytes (400�). The morphologic appearance of
the microsphere-laden monocytes changed over a 3-day period by transforming into more dendritic stellate
resident macrophages (panel B, 400�).

Figure 6. Electron microscopic confirmation of the microsphere-laden phagocytes as monocytes lying
within the manipulated jejunal muscularis. Jejunal muscularis preparations fixed in glutaraldehyde for elec-
tron microscopy show the accumulation of 0.46-�m paramagnetic latex beads in phagocytes, which had
structural cellular characteristics of monocytes. Each monocyte generally contained several microspheres
and could be observed to be engulfing necrotic smooth muscle cells (4,000� original magnification).
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Pathway of Microsphere Transference

The pathway for microsphere transference was limited to
particle sizes of less than 1 �m; therefore, we hypothesized
that there would be a specific anatomic pathway through
which the beads would reach the intestinal muscularis. To
determine whether the beads directly traversed the intestinal
wall, we constructed a two-loop model in which the prox-
imal half of the small intestine was anastomosed to the
cecum as an ileocolostomy and the anatomically distal small
bowel was closed at its oral end and drained normally
through the ileal cecal valve. Two weeks later, the entire
intestine of these two-loop animals was manipulated and
each loop was selectively injected with a different color of
fluorescent beads (red or yellow). The instillation of the two
differently colored microspheres into the respective loops
resulted in the appearance of both colored beads within the
same monocyte, which appeared equally recruited into the
muscularis externa of each small intestinal loop (Fig. 8). To
further show that the beads were not transferring directly
through the intestinal wall, we injected fluorescent micro-
spheres directly into the colon of small bowel-manipulated
animals, which additionally had the ileocecal junction li-
gated. This was done to prevent reflux of the microspheres
into the small intestine. Despite ileocecal ligation, we ob-
served the massive postoperative recruitment of bead-laden
phagocytes within the manipulated jejunal muscularis ex-
terna. We also observed microsphere-laden cells within the
mesentery of the manipulated animals.

We hypothesized from the above data that the micro-

spheres must be transferring out of the lumen through either
lymphatics or the mesenteric circulation. We investigated
these two alternatives by examining the presence of micro-
spheres in the mesenteric lymph vessels. Early after intes-
tinal manipulation and microsphere administration, we ob-
served the existence of numerous beads within small
mesenteric lymph vessels and lymph nodules (Fig. 9). The

Figure 7. The postoperative distribution of microsphere-laden monocytes within the manipulated mus-
cularis externa was investigated using confocal microscopy. The composite of the planar images shows
numerous extravasated monocytes within jejunal muscularis 24 hours after intestinal manipulation. The
transection composite (insert) shows the predominant localization of the fluorescently labeled monocytes
near the serosa surface of the muscularis (panel, 200� magnification).

Figure 8. Coalescence within monocytes of two different-colored
microspheres coming from two separate and independent loops of the
manipulated small intestine. A two-loop small intestinal model was cre-
ated to investigate the luminal transference pathway of the micro-
spheres. The selective injection of yellow and red microspheres into
individual intestinal loops and their combined appearance within extrav-
asated monocytes within a single muscularis whole mount indicated
that the microspheres do not transmurally pass through the gut wall to
the muscularis, but that a more indirect extraintestinal route is taken.
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existence of beads in the lymph vessels could be shown only
at early time points, within 3 to 4 hours after intestinal
observation, which again underlined a transient permeabil-
ity of the gut wall for the transference of microspheres.
These data further led us to examine the effect of lymph
vessel ligation or discontinuation on bead transference. In-
terruption of the subdiaphragmatic common lymph duct
abolished the presence of fluorescence-laden cells within

the manipulated muscularis externa, even though these
specimens contained phagocytic infiltrates, as shown in
Figure 10 by the presence of numerous MPO-positive cells.
This observation showed the mesenteric lymphatics as the
preferential pathway of transluminal bead transference after
intestinal manipulation and suggests that the circulating
monocytes ingested the beads and subsequently extrava-
sated into the muscularis externa.

Figure 9. The early appearance of fluorescent microspheres within the mesenteric lymph vessels could be
observed within 4 hours after intestinal manipulation and bead administration. This figure shows a four-
picture composite of microspheres draining through a mesenteric lymph vessel 4 hours after intestinal
manipulation (200� original magnification).

Figure 10. Subdiaphragmatic common lymph duct diversion prevented the appearance of fluorescent
microspheres within phagocytes, which had extravasated into the manipulated jejunal muscularis. (Panel A)
The muscularis whole mount from an animal in which the common subdiaphragmatic lymph duct was
diverted by cutting after intestinal manipulation and microsphere injection showed the presence of no
fluorescent beads in the muscularis (100� original magnification). However, these animals continued to
have a strong leukocytic infiltrate, as shown by the presence of numerous myeloperoxidase-positive
neutrophils within the manipulated muscularis (panel B, 200� original magnification).
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DISCUSSION

The clinical prevalence and relevance of the frank escape
of bacteria (translocation) and the leakage of bacterial prod-
ucts (transference) from the gastrointestinal tract remain
controversial.18–23 The central aim in this study was to test
the hypothesis that a potential pathway exists that allows an
interaction between luminal bacterial products and the sur-
gically traumatized intestine. This hypothesis was formu-
lated based on three observations previously made in the
laboratory: intestinal manipulation suppresses in vitro post-
operative jejunal smooth muscle contractility, resulting in a
significant delay in in vivo intestinal transit;36 LPS also
significantly decreases intestinal muscle contractility and
delays transit;35 and these two insults appear to act syner-
gistically in the induction of intestinal ileus.37

We have observed that these isolated insults are accom-
panied by an early molecular inflammatory response, fol-
lowed by a significant leukocytic extravasation into the
muscularis. This leukocytic invasion consists predomi-
nantly of neutrophils and monocytes.36,44 These invading
phagocytes join the already dense network of resident mac-
rophages. For our study, we hypothesized that the muscu-
laris cellular infiltrate would be a likely primary site of LPS
interaction within the manipulated bowel, because phago-
cytes abundantly express the Toll/CD14 LPS binding com-
plex.29,45–47 This observation would be important because it
has been postulated by others that bacteria and bacterial
products are not directly responsible for the septic response,
but that immunologic mediators are major causative factors
of systemic inflammatory response syndrome (SIRS) and
multiple organ dysfunction (MODS).2,10,48

The visualization of potential bacterial products from the
gut lumen and their hypothetical interaction with leukocytes
was simulated using fluorescent carboxylated latex micro-
spheres of different sizes and colors. We showed that intes-
tinal manipulation results in a massive accumulation and
discrete cellular localization of intraluminally administered
microspheres within the muscularis. The amount of micro-
sphere-laden cells depended on the severity of the intestinal
insult, with eventration, running, and compression resulting
in a progressive increase in the recruitment of bead-laden
cells. The mechanism responsible for this response could be
our documented degree-dependent increase in leukocyte
extravasation but could also be caused by a degree-depen-
dent increase in luminal transference. Future studies will be
needed to address this issue. We also observed that the
accumulation of fluorescently labeled cells was time-depen-
dent, occurring only within the first 12 hours after manip-
ulation. This showed that the transference of microspheres
out of the intestine is a transient response. Therefore, trans-
ference was not caused by the ensuing leukocytic infiltra-
tion. This is in contrast to the onset and progression of
muscular dysfunction, which we have shown previously
temporally correlates with and is directly attributable to this
cellular infiltrate.36 However, both the degree of trauma and

the time dependency of the fluorescent accumulation corre-
lated with our previous observations of the time- and trauma-
dependent recruitment of MPO� and ED1� leukocytes into
the muscularis.36

The sequestration of fluorescence was observed to occur
within newly extravasated monocytes using electron mi-
croscopy and double-labeling ED1-specific immunohisto-
chemistry. Neutrophils and resident macrophages appeared
to be devoid of the fluorescent microspheres. In addition,
free fluorescent microspheres were not observed within the
muscularis. Thus, the direct transmural transference of mi-
crospheres through the gut wall seemed unlikely. This hy-
pothesis was confirmed by the cross-coalescence of red and
yellow microspheres in the double intestinal loop model and
by the selective instillation of microspheres into the unma-
nipulated colon.

The primary pathway for endogenous bacterial and en-
dotoxin leakage from the gut remains controver-
sial.19,21,31,49,50 In light of our results and the considerable
size of the latex particles, we speculated that the escaped
microspheres are picked up by the mesenteric lymphatic
vessels within a short time after intestinal trauma.21,49,51

Indeed, our results show that the lymph vessels constitute a
preferential pathway for the transferring intraluminally ad-
ministered microspheres, because subdiaphragmatic lymph
duct interruption abolished the presence of bead-laden cells
within the manipulated muscularis externa, even though we
observed a substantial infiltration of MPO� neutrophils and
ED1� monocytes within the whole mounts. Further, these
results support the extraintestinal phagocytosis of the trans-
ferred particles.

In summary, we have clearly established the existence of
a transiently opening portal within the intestinal barrier
through which large particles can transfer to the lymphatic
vessels and thus gain access to the systemic circulation,
where they can interact with circulating monocytes. The
bead-laden leukocytes then extravasate into the manipulated
intestinal muscularis in response to the local upregulation of
ICAM-1 on the endothelium of the muscularis vasculature.
Together with our earlier demonstration of a synergistic
interaction between the traumatized intestine and exogenous
endotoxin, we speculate that endogenous luminal particles
and bacterial products will activate or prime circulating
leukocytes that eventually extravasate into the manipulated
muscularis, resulting in the potentiation of ileus.
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