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ABSTRACT

Background: A small bowel obstruction is classified as simple (nonstrangulated) or strangulated. The
early recognition with correct diagnosis of small bowel obstruction is a critical issue as the release from
strangulation requires surgical emergency. Methods: To evaluate the physiological effect on small bowel
obstruction, a metallic ring was put in the small intestine (simple ileus) and a loop obstruction was made with
keeping the blood flow (strangulated obstruction). Serum level of cytokines, IL-6, TNF-a, and IL-1p as well
as endotoxin and seromuscular enzymes, CPK and LDH, were serially analyzed. Serum and mucosal DAO
activity were also assessed. Results: Endotoxin was increased at 18 h through 48 h in strangulated obstruc-
tion, but not detected in the simple ileus. Early proinflammatory cytokines were significantly elevated in
strangulated obstruction. High expression of IL-6 prolonged after 12h. Transiently expressed IL-1f peaked
at 12h, TNF-a was increased at 18 h. In simple ileus, these expressions of cytokines were low and slow. LDH
and CPK were significantly elevated at 48h, but there were no difference between simple ileus and strangu-
lated obstruction. Serum DAQO activity was significantly increased in simple ileus, but gradually decreased in
strangulated obstruction, while mucosal DAO activity was decreased in both groups. Conclusions: High level
of serum IL-6 is an early marker for strangulated obstruction. The pattern of serum DAQ activity, decrease
in strangulated obstruction and increase in simple ileus, might be useful molecular parameter in the early
and proper diagnosis of small bowel obstruction.
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A small bowel obstruction (SBO) can occur by vari-
ous causes. SBO can be classified as simple (nonstran-
gulated) or strangulated. Nonstrangulated simple ileus
(SI), manifesting the impairment of coordinated pro-
pulsive intestinal motility, remains a frequently doc-
umented and almost inevitable consequence of open
abdominal surgery. Meanwhile, Strangulated obstruc-
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tion (SO) is most commonly associated with adhesions
and occur when a loop of distended bowel twists on
its mesenteric pedicle. If it is not properly treated fol-
lowed by early diagnosis, arterial occlusion leads to
bowel ischemia, this progresses to perforation, perito-
nitis, and increases morbidity and mortality. If surgery
is performed within 36 h, the mortality decreases to
8%. The mortality rate increases to 25% if the surgery
is postponed over 36 h. As mortality and morbidity are
dependent on the early recognition and correct diag-
nosis of obstruction, differential diagnosis is a critical
issue as SO requires urgent surgical treatment. Some
trials using CT to enable differentiation of SI and SO
have been reported, but not sufficient for the diagnosis
of SBO (1-3).

Despite the frequency and major impact of ileus
on morbidity and mortality, the underlying molecular
and cellular mechanisms of this important clinical co-
nundrum have not been well defined (4). It has been
reported that endotoxin and cytokines generated pri-
marily by the gut, act as causative factors of sepsis-
induced ileus (5). Most of the previous studies have
merely been performed by administration of LPS or
vessel ligation to induce ischemia, therefore, we have
established to SBO models for SI and SO in order to
investigate the actual effect of physiological obstruc-
tion. In this study, we have characterized the expres-
sion pattern of early proinflammatory cytokines,
seromuscular enzymes and diamine oxidase (DAO)
activity, trying to determine the useful molecular pa-
rameter for the early and proper diagnosis of SBO.

MATERIALS AND METHODS

Animals and Surgical Procedures

Inbred male Wister rats (12 weeks old, approxi-
mately 250-300 g of body weight) were obtained from
Oriental Co. (Osaka, Japan) and kept under quaran-
tine for one week before use in the experiments. Un-
der anesthesia using secobarbital sodium (50 mg/kg
intraperitoneal administration), animals were open-
laparotomized with 4 cm incision at the midline of the
abdomen and a tiny metallic ring (3 mm in diameter)
was put in the small intestine near the ileum end (SI
group). In SO group, the ring was put at the same por-
tion of the U shaped loop obstruction of the small in-
testine (4 cm in length) with keeping the blood flow.
Animals were from the same litter and five rats per
group were used in each set of data points of the ex-

periments that were repeated at least three times inde-
pendently (n=15).

Cytokines and diamine oxidase analysis

Blood samples (1 ml) for endotoxin determination
were obtained from the tail vein seriously 0, 6, 12, 18,
24, 36 and 48 h. Endotoxin was measured by chro-
mogenic endotoxin-specific assay using recombined
limulus coagulation enzymes (limulus test, SRL, To-
kyo, JAPAN). To identify specific cytokines, repre-
sentative sera (5 rats/time point) were collected at 0,
6, 18, 24, 48 h. Production of IL-6, TNF-a and IL-1f
were assessed by enzyme-linked immunosorbent as-
say (ELISA) using Biosource Cytoscreen rat ELISA
kits (Fa. BioSource, Camarello, CA, USA). Serum
DAO activity was measured based on a coupled reac-
tion with peroxidase and a new chromogen, 10-(car-
boxymethyl-aminocarbonyl)- 3,7- bis (dimethylamino)
phenothiazine sodium salt (6). Mucosal DAO activity
was also analyzed after isolation from the intestinal
mucosa followed by the methods as previously de-
scribed (7).

Statistical Analysis

The data are presented as arithmetic means + stan-
dard deviation (SD). Statistical comparisons between
groups were performed by Student t-test (unpaired,
two-tailed). The difference was considered significant
at P<0.05.

RESULTS

Serum level of endotoxin

We first evaluated the levels of endotoxin in SBO.
Endotoxin was not detected in the SI group through-
out the time period we examined. Although endotoxin
was not detected until 12h in SO group, it started to
increase at 18 h (2550.2 + 321.9 pg/mL) through 48 h
(2758.2 £296.5 pg/mL).

Expression of early proinflammatory cytokines

To determine the roll of early proinflammatory cy-
tokines in SBO, the serum level of IL-6, TNF-a, and
IL-1p were examined. As shown in Figure 1, all mol-
ecules we studied were significantly elevated in SO.
IL-6, in particular, showed the prolonged expression
after 12h at the level of more than 2000 pg/mL. IL-
1B was transiently expressed, peaked at 12h, and later
decreased to the basal level. TNF-a was increased at
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18 h (53 pg/mL) and rapidly decreased, nevertheless,
it started to increase at 48 h in both SI and SO. The
degree of expression of these proinflammatory cyto-
kines was low and slow in SI as shown in Figure 2.

Delayed elevation of Seromuscular Enzymes

LDH is the commonly enzyme marker that indi-
cates injury to the cells including muscle layer in the
small intestine. Serum LDH activity was significantly
elevated at 48 h, but there were no difference between
SI and SO. Elevation of serum CPK level was seen af-
ter the muscle necrosis such as myocardial infarction
and the injury of the muscle layer in the small intes-
tine. Similar to LDH, the level of CPK was increased at
48 h, but there were no difference between the groups.

Serum and mucosal DAO activity

Early marker for the mucosal changes, DAO activ-
ity, was assessed in the sera and the mucosa of the
small intestine. While serum DAO activity was sig-
nificantly increased in SI, it was gradually decreased
in SO. Both SI and SO showed decreased level of mu-
cosal DAO activity. Compared to the SI, mucosal DAO
activity was rapidly decreased in SO.

DISCUSSIONS

Endotoxin (lipopolysaccharide: LPS), a common
component of the cell walls of gram-negative bacte-
ria, exhibits various pathophysiological effects such as
tissue injury and sometimes results in lethality (8). It
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Figure 1. Expression of early inflammatory cytokine in SBO. Compared to the SI (closed), SO (open) shows significant increase of IL-6
(A), TNF-a (B) and IL-1B (C). Asterisks denote the statistical differences compared to SO (*P<0.05). N=15 for each sets of data points.
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has been reported that endotoxemia elicits an inflam-
matory response by activating of chemical mediators
within the intestinal muscularis and causes gastroin-
testinal dysmotility (9). Although the effects of endo-
toxin have been well investigated by the injection of
LPS, there is no distinct comparative study in the SBO
models. Our models using a metallic ring physiologi-
cally induce SBO with keeping blood flow, which we
can compare the effects of strangulation by itself. The
previous methods of artificially clipping or ligation
are the very ischemia/reperfusion effect that might be
a different from the actual phenomenon in strangula-
tion.

In the present study, we have identified endotox-
emia in SO at 18 h and later on, but not in SI. Then,
we have characterized the expression pattern of early
proinflammatory cytokines. As level of all cytokines
we examined significantly elevated in SO, the extent
of inflammation might be more severe than SI. Par-
ticularly, remarkable increase of IL-6 was identified
at 12h, which was earlier than the elevation of se-
rum endotoxin, prolonged until the time of sacrifice.
Transiently expressed IL-1B also peaked at 12h and
returned to the basal level. Nevertheless, TNF-a was
not increased at 12h, instead, peaked at 18 h when is
the start time of endotoxemia. These results shown in
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the present study are very implicative because recent
study using multiple organ failure rats demonstrates
that TNF-a is elevated in both the intestinal tissue
and plasma (10). In another report using intestinal
epithelial cell line, TNF-a and histamine stimulation
increased neutrophil adhesion to intestinal epithelial
cells and this increased adhesion is inhibited by anti-
CDI11b and anti-CD18 monoclonal antibodies (15). It
has been reported that the histamine and TNF-a re-
leased from activated the intestinal mucosal mast cells
(IMMC) play an important role in the development of
multiple organ failure (10). Our result that the delayed
increase of TNF-a compared to IL-6 and IL-1p might
be related to the different mechanism of cell infiltra-
tion during the strangulation of small intestine, indi-
cating that the early activation of IMMC followed by
the activation of neutrophils.

In this regards, we have analyzed early marker for
the mucosal changes, DAO activity in the sera and the
mucosa. DAO, histaminase, is a cytoplasmic enzyme
found primarily in the villus epithelial cells of the
small intestine and has a crucial role in the degrada-
tion of histamine in the small intestine (11, 12) (Figure
3). Previous report has shown that the changes in se-
rum DAO activity indicate that the intestinal barrier is
damaged after intestinal ischemia/reperfusion injury
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Figure 2. Serum level of seromusclar enzymes. Both SI (black), SO (white) show significant increase of LDH (A) and CPK (B). There
were no differences between the groups. Significant differences are represented by asterisks (¥*P<0.05). N=15 for each sets of data points.
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Figure 3. Level of DAO activity in sera and mucosa. (A) Serum DAO activity is gradually significantly increased in SI (black), however,
it is decreased in SO (white). (B) Mucosal DAO activity is decreased in both groups. Significant differences are represented by asterisks

(*P<0.05). N=15 for each sets of data points.

(13). Pathophysiological states that produce intestinal
ischemia/reperfusion injury initiate an inflammatory
cascade and result in ileus. Intestinal ischemia is asso-
ciated with decreased intestinal DAO activity, which is
influenced by the duration of intestinal ischemia (14).

Our result of the significant elevation of serum
DAO activity in SI demonstrates the damaged intes-
tinal barrier. As to mucosal DAO, they are gradually
decreased because of the mucosal damage. The extent
of decrease of mucosal DAO is more rapid in SO, indi-
cating that the mucosal damage is more severe than SI.
Interestingly, serum DAO activity is not increased but
rather decreased in SO. This indicates that the reduc-
tion of blood flow due to strangulation might perturb
the elevation of this enzyme in the blood. Thus, this
might be the key molecular issue in the mechanism of
strangulation. Clinically, the elevation of serum DAO
activity (double to basal level) might be a useful mark-
er for the diagnosis of SI to SO.

Gradual increase of CPK and LDH in both groups
indicates the result of the intestinal wall damage
caused by SBO. Unfortunately, none of these markers
seem not to be beneficial for the early and differen-

tial diagnosis of SBO. Recent report using rat model
has shown that increased serum hexosaminidase lev-
els indicate irreversible transmural infarction only in
the late period of strangulation in the closed loop SBO
(15). Similar to hexosaminidase, DAO represents the
biological activity in the mucosa, therefore, the pres-
ent result of differential pattern of serum DAO activity
might be a useful tool for diagnosis.

The high level of serum IL-6 might be an early use-
ful marker if the clinical suspicion of SO arises, be-
cause elevation of IL-6 was identified at 12h and pro-
longed longer than other cytokine markers. Decrease
of serum DAO activity also predicts SO, while the in-
crease of serum DAO activity predicts SI. As the early
DAO increase can be a marker to indicate the only SI,
but a decrease of DAO in SO, this might be a pos-
sible clinical good marker for the differential diagno-
sis of these two SBO. Because strangulation requires
the emergent surgery, these predictors might be useful
tools for the differential diagnosis of ileus. Elevation
of early proinflammatory cytokines, such as IL-6 and
IL-1B, at the time of 12h might be an early implicative
markers for SI, while TNF-a at 18h and serum DAO at
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48h could be additional marker for the confirmation.
As we have demonstrated, these approaches will be
open the door to distinguish SI from SO. Further stud-
ies are needed to clarify the status of SBO since urgent
treatment including surgery could reduce the risk of
mortality and morbidity.
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