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Intestinal smooth muscle dysfunction after
intraperitoneal injection of zymosan in the rat:
are oxygen radicals involved?

A van der Vliet, K I van der Poel, A Bast

Abstract
Zymosan is frequently used as an activator of
granulocytes to study inflammatory responses.
We used zymosan as a model to understand the
mechanisms involved in intestinal inflamma-
tory diseases, and our special interest was
focused on the smooth muscle function. More-
over, we investigated the role of oxidative
stress in intestinal pathology after inflamma-
tory processes. Intraperitoneal injection of
zymosan induces a peritoneal inflammation,
characterised by exudate in the peritoneum
and peritoneal fibrosis. Three days after
injection of zymosan (25-40 mg/100 g) we
measured a decreased adrenergic smooth
muscle response, while the muscarinic
receptor-mediated contraction was not
significantly affected. Efforts were made to
correlate these observations with the develop-
ment of oxidative stress; however, the intesti-
nal glutathione balance remained undisturbed
and no increase in lipid peroxidation products
in the intestine was observed. Our conclusion
is that peritoneal inflammation will lead to a
release of various mediators, which may
destroy receptor systems, among which are
adrenoceptors. There was no evidence of an
important role for reactive oxygen metabolites
in this effect.
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Several diseases of the gastrointestinal tract are
accompanied by the production of reactive
oxygen metabolites. Oxygen radicals are sup-
posed to be responsible for gastrointestinal
damage after ischaemia and reperfusion. 4 In
this process oxygen radicals are produced by two
different mechanisms. At first reactive oxygen
metabolites can be formed by xanthine oxidase,
which metabolises hypoxanthine and xanthine
with the use of molecular oxygen as electron
acceptor, resulting in production of superoxide
anions.' I Secondly, intestinal ischaemia and
reperfusion cause an inflammatory response,
characterised by infiltration of neutrophils into
the ischaemic tissue,7 which also leads to forma-
tion of oxygen radicals. It is hypothesised that
the infiltrated neutrophils give the major con-
tribution to mucosal injury after intestinal
ischaemia and reperfusion.0 Also, in other
inflammatory diseases of the intestine oxygen
radicals are supposed to contribute to the
development of tissue damage.90' Reactive
oxygen species also seem to be involved in
duodenal ulceration."

Inflammation of the intestine can lead to
alterations of intestinal motility,'2-4 but the
nature of these alterations is variable. Motility

changes are also reported as a consequence of
enteric infection.'5 16 Enteric infections can
induce inflammatory responses, associated with
infiltration of granulocytes into the intestinal
mucosa, thereby leading to mucosal injury.'7

In previous studies we investigated the effect
of reactive oxygen species on the intestinal
smooth muscle in vitro, and we tried to establish
the mechanism by which the smooth muscle
function is altered. Both hydrogen peroxide and
cumene hydroperoxide are capable of reducing
smooth muscle responses upon contracting or
relaxing agents. The effect on smooth muscle
contraction was not clearly elucidated, although
the membrane receptor is not likely to be selec-
tively affected by either hydrogen peroxide or
cumene hydroperoxide. 18 Lipid peroxidation
seems to be responsible for decreased smooth
muscle function after oxidative stress in vitro. '9
The ,B adrenergic relaxation of intestinal smooth
muscle is also vulnerable to oxidative stress.
Moreover, similar to the findings in heart tissue,
the effect on the 13 adrenoceptor seems to be more
selective.20"2

In this study we tried to validate the in vitro
effects of oxidative stress on intestinal smooth
muscle in an inflammation model, and investi-
gated the effect of an inflammatory response on
smooth muscle and the possible role of reactive
oxygen species in this. To this end we used
zymosan as an inducer of in vivo inflamma-
tion,22-24 which might affect the intestine. We
found that after intraperitoneal injection of
zymosan the 13 adrenergic response of the small
intestinal smooth muscle was reduced, but no
clear evidence was found for the involvement of
oxidative stress in this effect. We hypothesise
that zymosan injected intraperitoneally activates
intraperitoneal macrophages, leading to release
of various mediators which could be harmful to
some intestinal smooth muscle functions.

Methods

CHEMICALS AND DRUGS
Zymosan A, methacholine, (-)-isoprenaline,
oxidised and reduced glutathione, o-phthalalde-
hyde, hexadecyltrimethylammonium bromide
(HTAB), 3,3',5,5'-tetramethylbenzidine
(TMB), forskolin, N6-2'-O-dibutyryladenosine
3':5'-cyclic monophosphate (sodium salt)
(dibutyryl-cAMP), phenylmethylsulphonyl
fluoride (PMSF), dithiothreitol, and thiobar-
bituric acid (TBA) were purchased from Sigma
Chemical (St Louis, USA). May-Grunwald and
Giemsa solutions were obtained from Merck
(Darmstadt, Germany). A cyclic adenosine
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monophosphate (cAMP) assay kit (code TRK
432) was obtained from Amersham.

IN VIVO STUDIES WITH ZYMOSAN

Pretreatment with zymosan
Male albino Wistar rats weighing 200-220 g
(Harlan CPB, Zeist, The Netherlands) were
used. Zymosan was suspended in physiological
salt solution and disinfected by heating for 30
minutes at 95°C. After the suspension was cooled
rats were given 25 or 40 mg zymosan/100 g body
weight or vehicle intraperitoneally in a maximal
volume of 2 ml. Three days (72 hours) after
injection the rats were killed by decapitation and
about 20 cm of the jejunum were rapidly excised.
After flushing the intraluminal contents the
major part of the intestine were immersed in
liquid nitrogen and stored at -70°C until use.
Another part was used directly for pharmaco-
logical studies or cAMP determinations.

Pharmacological experiments
Isolated segments of the small intestine ([ 5 cm)
were mounted longitudinally in 20 ml tissue
baths under 0-5 g of tension and kept in Krebs
medium (composition in mmol: NaCI 118, KC1
5 6, MgSO4 1-2, CaCl2 2-5, NaH2PO4 1[3,
NaHCO3 25, and glucose 6 1), which was
oxygenated with 95% 02/5% CO2 and kept at
37°C (pH 7 4).
Smooth muscle responses were recorded

isotonically. Contraction of the longitudinal
smooth muscle was induced by the cumulative
addition of the muscarinic agonist methacho-
line.'8 Smooth muscle relaxation was measured
by the cumulative addition of isoprenaline,
which relaxes the intestinal smooth muscle from
its basal tone via 13 adrenoceptors.25 The activity
ofmethacholine or isoprenaline was expressed as
p(EC5o). The maximal relaxation by isoprenaline
was related to the relaxation induced by 0 5
mmol/l of the stable cAMP analogue dibutyryl-
cAMP, which was added to a maximal respon-
sive isoprenaline concentration.20

cAMP measurements
Pieces of intestine were cut open lengthwise and
the mucosa was removed with a spatula.'8 The
remaining muscular tissue was homogenised in
10 volumes of 50 mmol/l Na phosphate buffer
(pH 7 4) including 1 mmol/I PMSF, 10 mmol/l
dithiothreitol, and 0 1 mmol/l ethylenediamine
tetra-acetic acid (EDTA). The homogenate was
centrifuged at 500 g for 5 minutes and the
remaining supernatant was subsequently centri-
fuged at 35 000 g for 20 minutes. The pellet was
resuspended in phosphate buffer containing 0 1
mmol/l EDTA until the protein concentration
was 1-2 mg/ml, frozen in liquid nitrogen, and
stored at-700C.

Aliquots of intestinal membranes were incu-
bated in Tris buffer (composition: 50 mmol/l
Tris, 140 mmol/l NaCl, and 5 mmol/l MgCl2, pH
7 4) at 37°C in the presence ofvarious stimuli and
1 mmol/l adenosine triphosphate for 15 minutes.
After heating and centrifugation of the precipi-

tate (5 minutes, 200 g), the supernatants were
assayed for cAMP using a cAMP assay kit
(Amersham). The production of cAMP was
related to the protein concentration in the mem-
brane fractions. Because of variations between
separate experiments, cAMP production was
expressed relatively to the basal cAMP produc-
tion in membranes from control animals.

Determination ofreduced and oxidised glutathione
Segments of intestine were homogenised in 10
volumes of50 mmol/l phosphate buffer (pH 7 4).
After precipitation of the protein with TCA
oxidised and reduced glutathione were deter-
mined as described by Hissin and Hilf.26

Measurement oflipid peroxidation
Lipid peroxidation products were measured as
the formation of TBA reactive material.27 We
homogenised segments of intestine in 10
volumes of 1-15% KCI and incubated 300 t of
homogenate in 2 ml TBA containing reagent at
95°C for 30 minutes. Formation ofTBA reactive
material was measured spectrophotometrically
at 535 nm.

Myeloperoxidase assay
Infiltration of neutrophils into the intestinal
mucosa was determined by measurement of
tissue associated myeloperoxidase.2' Segments of
intestine were homogenised in 10 volumes of 50
mmol/l sodium phosphate buffer (pH 7-4) and
centrifuged (20 minutes, 16000 g). The pellet,
which contains over 95% of the total tissue
myeloperoxidase activity, was resuspended in an
equal volume ofpotassium phosphate buffer (pH
6 0) containing 0 5% HTAB as detergent. After
another centrifugation step (20 minutes, 16000
g) the supernatant was used for myeloperoxidase
assay using TMB.29 Briefly, aliquots of super-
natant were incubated for varying periods with
1-6 mmol/l TMB and 0-3 mmol/l hydrogen
peroxide in 80 mmol/l sodium phosphate (pH
5 4) with 60 mmol/l NaCl in a total volume of 500
tl. The reaction was terminated by the addition
of 1-75 ml of 200 mmol/l sodium acetate buffer
(pH 3-0). The reaction product was measured
spectrophotometrically at 655 nm. Activities
were expressed as the initial velocity of absorb-
ance increase, which is linear during the first two
minutes, at 655 nm (AA655/min) per mg of
protein which was measured in the supernatant.

Histological study
Cross sections of small intestine of treated and
untreated rats were made and stained with May-
Grunwald solution for 10 minutes with Giemsa
solution for 20 minutes. After staining the
preparations were examined with light micro-
scopy for neutrophil infiltration or general
intestinal damage.

Protein determination
Protein was determined according to Bradford
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using the BioRad assay with bovine serum
albumin as protein standard.-'

IN VITRO STUDIES WITH ZYMOSAN

Preparation ofopsonised zymosan
Serum was obtained from male Wistar rats.
Some 20 mg/ml zymosan A was suspended in
Krebs buffer and heated for 30 minutes at 95°C.
After centrifugation (7 minutes, 175 g) the pellet
was resuspended in 50% serum in Krebs buffer
and incubated for 30 minutes at 37°C. Subse-
quently the suspension was again centrifuged
(7 minutes, 175 g) and the pellet was washed free
ofserum twice with Krebs buffer and suspended
at a final concentration of 20 mg/ml. This
suspension was frozen in liquid nitrogen and
stored at -70°C.

using Student's t test with a p value of 0 05 as the
limit of significance.

Results

GENERAL EFFECTS OF ZYMOSAN IN VIVO
Treatment of rats with zymosan intraperitone-
ally leads to peritoneal inflammation character-
ised by exudate in the peritoneum and peritoneal
fibrosis with massive adhesions. Moreover, the
rats treated with zymosan lost about 10 g of
weight in 72 hours, while control animals grew
normally (about 20 g). Two of the six rats treated
with the highest zymosan dose (40 mg/100 g)
died within 72 hours. Therefore the experiments
were continued with a lower dose of zymosan
(25 mg/100 g).

Hydrogen peroxide production by zymosan
The production of hydrogen peroxide by
zymosan was assessed by the hydrogen peroxide
dependent horseradish peroxidase catalysed
oxidation of phenol red.3' The intestine was
homogenised and incubated in 10 mmol/l potas-
sium phosphate buffer (pH 7-0), containing 140
mmol/l NaCi, and 5 5 mmol/l glucose with 0-14
mmol/l phenol red and 4-3 U/ml horseradish
peroxidase with various amounts of (opsonised)
zymosan for various periods. After incubation 10
Fl/ml of 1 N NaOH was added and the mixture
centrifuged (15 minutes, 15 000 g). Absorbance
was measured at 610 nm. Sodium azide (2 mmol/
1) was used to inhibit disproportionate distribu-
tion of hydrogen peroxide by catalase or myelo-
peroxidase.

Pharmacological measurements
Segments of intestine were mounted in 20 ml
tissue baths as described above. After a control
concentration-response curve for isoprenaline
was completed non-opsonised or opsonised
zymosan was added to the tissue baths. After
incubation with zymosan the organs were
washed three times in buffer for 15 minutes each
time and subsequently a second concentration-
response curve for isoprenaline was recorded.
The responses were related to the maximal
response to isoprenaline before incubation.

STATISTICAL ANALYSIS
Differences between groups were determined

TABLE I Effect ofzymosan on muscarinic and adrenergic response in the rat small intestinal
smooth muscle (mean (SD))

Isoprenaline
Methacholine

Treatment p(EC50) p(EC50) Maximal effect(%)

Control 6 53 (0 22) (n=7) 6 59 (0-16) (n=7) 72 4(5 6) (n=7)
25 mg/100 g 6-32 (0-21) (n=4) 6-28 (0 23) (n=4)* 60-3 (10-0) (n=4)*
40 mg/100 g 6-55 (0-11) (n=3) 6-26 (0-12) (n=4)t 39 4 (15-7) (n=4)4

The p(EC50) values were calculated from the concentration-response curves. The maximal response
to isoprenaline was expressed relatively to the relaxation induced by 0 5 mmol/l of dibutyryl-cAMP.
*Different from control: p<005.
tDifferent from control: p<0-01.
tDifferent from control: p<0 005.

EFFECTS OF INTRAPERITONEAL ZYMOSAN ON
INTESTINAL SMOOTH MUSCLE FUNCTION
After treatment with zymosan for 72 hours, the
small intestine was isolated and pharmacological
responses were established in vitro. Contractility
of the intestinal smooth muscle was measured by
the dose dependent contraction of the longitu-
dinal smooth muscle by the muscarinic agonist
methacholine. Table I shows that zymosan treat-
ment did not affect the p(EC5o) of methacholine
and also that the maximal response to methacho-
line is not clearly affected by zymosan. No clear
changes could be discerned on the spontaneous
contractions of the intestinal segments after
zymosan treatment (not shown).

Relaxation ofthe intestinal smooth muscle was
studied with the 13 adrenergic agonist isoprena-
line. The p(ECso) for isoprenaline decreased
slightly after zymosan treatment (Table I). The
maximal relaxation by isoprenaline, which was
expressed relatively to the relaxation by 0 5
mmol/l of the stable cAMP analogue dibutyryl-
cAMP, was also decreased significantly (Table I
and Fig 1).
This might imply that the production of

cAMP by stimulation with isoprenaline is
decreased. We assessed cAMP production in
intestinal membranes by stimulation of the 16
receptor system at various levels - namely, with
NaF and forskolin, which stimulate the G-
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Figure 1: Concentration-response curvesfor
(-)-isoprenaline on longitudinaljejunal segmentsfrom
control rats treated with intraperitoneal zymosanfor 72
hours at the indicated doses. The responses ofeach
concentration of(-)-isoprenaline were expressed relatively
to the response ofO05 mmolll dibutyryl-cAMP which was
added at the completion ofa concentration-response curve.
Means (SEM) ofthe indicated number ofrats are shown.
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TABLE II Effect ofintraperitoneal zymosan on cAMP
accumulation in rat small intestinal smooth muscle membranes
by various stimuli. Number ofanimals given

Stimulus Control Zymosan
Basal 100 (31) (n=6) 59 (41) (n=6)
10-2 mol/l NaF 1189 (226) (n=4) 702 (286) (n=6)*
10-4 mol/l forskolin 388 (141) (n=5) 349 (121) (n=6)

Intestinal membranes were prepared from rats 72 hours after
intraperitoneal injection of 25 mg/100 g zymosan or vehicle
(control) as described under Methods. Aliquots of intestinal
membranes were incubated with the various stimuli for 15
minutes. Production ofcAMP was corrected for the protein
concentration in the membrane fraction. Means (SD) are shown
from three separate experiments performed in duplicate. In each
separate experiment the mean basal cAMP production from
membranes from two untreated animals was set at 100%, and all
values ofindividual animals were expressed relatively to this mean
value. The number of animals are shown between parentheses.
*p<0.05 compared to corresponding control.

TABLE III Effect ofzymosan treatment on oxidised and reduced glutathione and
myeloperoxidase activity. Number ofrats given. Mean (SD)

Control Zymosan

Glutathione:
Reduced (nmol/g tissue) 1074 (272) (n=3) 1143 (154) (n=3)
Oxidised (nmol/g tissue) 342 (22) (n=3) 286 (32) (n=3)

Myeloperoxidase (U/mg protein) 4-7(1-1) (n=4) 4-2 (22) (n=4)

Rats were pretreated with 25 mg/100 g zymosan for 72 hours. Subsequently the small intestine was
isolated and assayed for reduced and oxidised glutathione and myeloperoxidase as described under
Methods. No significant differences were observed between control and zymosan-treated animals for
glutathione content or myeloperoxidase activity.

. .,0ji , .= , i!k. .'. . \ 8 e ; .!,~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.. ..

Figure 2: Light microscopy of7 tm cross sections ofthe small intestine from an untreated rat (A)
andfrom a rat 72 hours after intraperitoneal injection of25 mgll00 g zymosan (B) after May-
Grunwald/Giemsa staining. No clear infiltration ofgranulocytes nor substantial morphological
alterations could be discovered in the intestine ofzymosan treated rats.

protein and adenylate cyclase respectively. Table
II shows that after treatment with zymosan the
production of cAMP by NaF is significantly
decreased. Also the basal cAMP production
seems to be reduced after treatment with
zymosan but the difference is not significant.
Forskolin stimulated cAMP production, how-
ever, is not reduced in zymosan treated animals
(Table II).

OXIDATIVE STRESS AFTER ZYMOSAN TREATMENT
IN VIVO
Inflammatory processes are generally associated
with oxidative stress. We therefore investigated
the possible presence of oxidative stress
phenomena after treatment with zymosan.
Intestinal inflammation is characterised by an
increased number of neutrophils in the tissue,
which can be quantified by measuring the
neutrophilic enzyme myeloperoxidase. Intest-
inal myeloperoxidase activity was, however, not
increased after 72 hours of zymosan treatment
(Table III). Moreover, light microscopy of cross
sections of the intestine indicates that there is no
visible infiltration of neutrophils in the intestinal
tissue three days after treatment with zymosan.
In addition, no clear morphological changes can
be found after zymosan treatment (Fig 2).
Two parameters of oxidative stress were

measured in this study - namely, glutathione
levels and lipid peroxidation products. Table III
shows that 72 hours of zymosan treatment did
not lead to significant alterations in reduced or
oxidised glutathione levels. Moreover, no
increase was found in TBA-reactive material in
the intestine of zymosan treated animals (not
shown).

EFFECTS OF ZYMOSAN TREATMENT IN VITRO
From published reports it is known that
opsonised zymosan is capable of stimulating the
respiratory burst in neutrophils directly.32 We
studied the production of hydrogen peroxide by
zymosan and opsonised zymosan in rat intestinal
homogenates. Figure 3 shows that opsonised
zymosan in contrast to zymosan leads to
increased production of hydrogen peroxide in a
concentration dependent manner. This implies
that only opsonised zymosan stimulates an
oxidative burst, whereas non-opsonised
zymosan does not.
We studied the in vitro effects of zymosan and

opsonised zymosan on isolated intestinal
segments. However, at a concentration which
stimulates hydrogen peroxide production
opsonised zymosan did not affect smooth muscle
relaxation by isoprenaline. Both the p(EC50) and
the maximal response remained unaffected
(Table IV). The isoprenaline response also was
unchanged after incubation with non-opsonised
zymosan (Table IV).

Discussion
Treatment of rats with intraperitoneal zymosan
induces peritoneal inflammation similar to that
described earlier.22 When injected, zymosan also
induces an inflammatory response in other
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Figure 3: Generation ofhydrogen peroxide by rat small
intestinal homogenates after stimulation with non-
opsonised (0) and opsonised (0) zymosan. Only
opsonised zymosan induced a significant increase in
hydrogen peroxide production. Hydrogen peroxide was
measured by horseradish peroxidase catalysed oxidation of
phenol red as described underMethods. Means (SEM)
from rats are shown. *Different compared with
stimulation with non-opsonised zymosan (p<005).

animal species,2324 characterised by a rapid
increased neutrophil and macrophage number in
the peritoneal cavity. Several hours after
zymosan injection mainly neutrophils were

affected; at later stages the number of macro-

phages increased.24 We used this model to induce
an inflammatory response in the intestine, and
especially the intestinal smooth muscle. Three
days after injection of zymosan intestinal smooth
muscle function was established. In earlier
experiments with in vitro oxidative stress the
major effect on muscarinic smooth muscle con-

traction was a decrease in the p(EC50). 18 Also the
adrenoceptor response is altered after oxidative

stress in vitro.2'
The muscarinic contraction induced by

methacholine was not affected by zymosan treat-
ment, since the p(EC5o) for methacholine was
not altered, and also the maximal response was

unchanged. The adrenergic relaxation of
the intestinal smooth muscle was, however,
decreased three days after intraperitoneal
injection of zymosan. The p(EC50) for the
agonist isoprenaline was decreased slightly and
also the maximal relaxation by isoprenaline was

decreased compared with the maximal relaxation
obtained by adding 0 5 mmol/l of the stable
cAMP analogue dibutyryl-cAMP. This indicates
that zymosan somehow affects adrenoceptor
mediated formation of cAMP. We assessed the
accumulation of cAMP in intestinal membranes
of zymosan treated and untreated rats. Indeed,

TABLE iv Effect of(opsonised) zymosan on a adrenergic
response in vitro

Maximal
Treatment p(EC50) response (%)

Control 6 8(0-2) 119(12)
Zymosan

0 5 mg/ml 6-9 (0 2) 102 (12)
1-0 mg/ml 6-6 (02) 112 (7)

Opsonised zymosan
05mg/ml 69(02) 121(9)
1 0mg/ml 6-9(0 2) 110(5)

Mean (SD) values of calculated p(ECso) and maximal responses
after in vitro incubation with (opsonised) zymosan for 90 minutes
are presented. The maximal response was related to the maximal
response to isoprenaline before incubation with (opsonised)
zymosan which was set at 100%.

cAMP production in intestinal membranes
stimulated with 10-2 mol/l NaF (at this concen-
tration the cAMP production is maximal) was
significantly lower in membranes from rats
treated with zymosan. We did not find a
decreased forskolin stimulated cAMP produc-
tion in intestinal membranes from rats treated
with zymosan compared with control animals,
which indicates that this treatment probably
affects the a adrenoceptor system before the
adenylate cyclase unit. The receptor itself could
be affected or the activity of the coupling
G-proteins might be decreased. Since the a
adrenoceptor on the rat small intestinal smooth
muscle is atypical25 and no suitable receptor
binding assay exists for this receptor subtype, we
cannot determine whether zymosan treatment
affects the D receptor population directly, but
this is not unlikely.
Our next option was to determine if these

effects could be related to the occurrence of
oxidative stress, and we tried to detect some
markers of oxidative stress in the intestinal
tissue. However, oxidative stress could not be
found by a decreased intestinal reduced gluta-
thione level or an increased oxidised glutathione
level, not by an -increase in lipid peroxidation
products.

Moreover, no evidence could be found for an
increased infiltration of neutrophils in the
intestinal tissue. Histological study of zymosan
treated rat intestine did not show clear modifica-
tion of intestinal morphology nor infiltration of
neutrophils in the intestine. Moreover, no
significant increased myeloperoxidase activity
was observed in the intestine from rats treated
with zymosan, which implies that intraperi-
toneal injection of zymosan does not induce
symptoms like intestinal inflammation, in which
infiltration of inflammatory cells is commonly
observed and confirmed by increased tissue
associated myeloperoxidase activity.7 28

Since non-inflamed intestinal mucosa also
contains neutrophils, we investigated whether
these neutrophils upon activation could be
responsible for the observed effects on the
receptor mediated relaxation. Intestinal homo-
genates are capable of producing hydrogen
peroxide when stimulated with opsonised
zymosan. Zymosan which is not opsonised is not
capable of stimulating the respiratory burst
directly32 and did not induce hydrogen peroxide
-production in our system. Although zymosan is
not able to induce an oxidative burst in inflam-
matory cells directly, zymosan injected intra-
peritoneally might be able to cause indirect
oxygen radical production. Interestingly,
zymosan has been shown to induce superoxide
release in rat Kupffer cells,33 indicating that also
non-opsonised zymosan induced release of
reactive oxygen species in some systems.
We investigated whether stimulation of the

respiratory burst in intestinal neutrophils leads
to alterations of the f adrenergic response by
treatment of isolated intestinal segments with
(opsonised) zymosan, but we found no changes
caused by normal zymosan nor by opsonised
zymosan in the D adrenergic response. This
indicates that radical production induced by
opsonised zymosan may be insufficient in our
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system, or that produced radicals will be
scavenged or metabolised before they are able to
induce damage to the smooth muscle and the i
adrenoceptor system. Moreover, it can be con-
cluded from this that the decreased 3 adrenergic
response after intraperitoneal zymosan is not
induced by activated mucosal neutrophils, but
predominantly by peritoneal macrophages and
neutrophils.

Peritoneal macrophages, activated after
zymosan injection, may produce a variety of
inflammatory mediators and possibly oxygen
radicals, which may be responsible for the
observed effects in our study. This might be
correlated with the effects of in vitro oxidative
stress by exogenous application of hydrogen
peroxide to the small intestine. In this case the
adrenergic response to isoprenaline was also
decreased compared with the maximal response
to dibutyryl-cAMP.21 Since no proof was found
for oxidative stress in the intestine after injection
or zymosan, an important role of oxygen radicals
in the observed effects is not likely. However,
in a previous study we found that hydrogen
peroxide was also unable to induce lipid peroxi-
dation in intestinal tissue,'9 implying that
oxidant production by peritoneal macrophages
does not itself induce lipid peroxidation pro-
cesses in the intestine. Inflammatory cells release
a variety of other mediators upon stimulation,
which could also be directly responsible for
decreased receptor responses in the surrounding
tissue.34
The results in this study show that treatment

of rats with zymosan for 72 hours induces a
peritoneal but not an intestinal inflammation.
The intestinal longitudinal smooth muscular j3
adrenoceptor function is decreased by this treat-
ment, which is probably not caused by oxidative
stress but may due to the release of other
mediators by activated peritoneal macrophages.
Decreased intestinal smooth muscle receptor
responses, as observed after an intraperitoneal
inflammation, may also be responsible for the
observed motility changes observed in intestinal
inflammatory disorders.
This work was supported financially by Duphar BV, Weesp, The
Netherlands.
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