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Olprinone decreases elevated concentrations of cytokine-induced 
neutrophil chemoattractant-1 in septic rats
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Introduction

Abdominal sepsis complicated by the leakage of bowel 
contents is a pathophysiological condition commonly 
encountered in intensive care units, and physicians are 
often required to treat patients affected by abdominal 
sepsis or septic shock [1]. Despite multiple pharmaco-
logical and/or physiological interventions, many such 
cases lead to organ dysfunction followed by severe 
sepsis [2,3]. The multiple organ dysfunction syndrome 
associated with abdominal sepsis typically involves 
respiratory failure, resulting in acute respiratory distress 
syndrome (ARDS). Such patients require long-term 
mechanical ventilation assistance, while ARDS itself 
signifi cantly affects clinical outcomes [4].

Activated neutrophils and the cytokine network play 
a major role in the development of ARDS induced by 
abdominal sepsis [5]. Under conditions of abdominal 
sepsis, the diaphragm plays a signifi cant role as a barrier 
isolating the lungs from the abdominal organs. Leaked 
bowel contents not only indirectly target the lungs, 
mediated by proinfl ammatory cytokines but also induce 
infl ammation in the diaphragm, resulting in the impair-
ment of diaphragmatic function. Direct and indirect 
evidence also suggests that ARDS following abdominal 
sepsis is accompanied by diaphragmatic fatigability, 
which may be associated with cyclic adenosine mono-
phosphate (cAMP) depletion in diaphragmatic muscle 
[6]. In addition to the alteration of cAMP content in 
muscle, neutrophil activation was demonstrated to 
contribute to the development of diaphragmatic fati-
gability under abdominal septic conditions, while the 
intraperitoneal administration of olprinone, a phos-
phodiesterase (PDE) inhibitor, was shown to improve 
diaphragmatic contractility and to inhibit neutrophil 
activation induced in a rat model of abdominal sepsis, 
although it remains unclear whether olprinone 
mo dulated cytokine activation at sites of infl ammation 
[7].

Abstract
Purpose. The diaphragm is one of the organs directly affected 
by abdominal sepsis. Evidence suggests that sepsis induces 
diaphragmatic fatigability and that activated neutrophils play 
a crucial role in the development of diaphragmatic fatigability. 
In the present study, we investigated whether olprinone, a 
phosphodiesterase inhibitor, infl uenced the kinetics of cyto-
kine-induced neutrophil chemoattractant-1 (CINC-1) in the 
diaphragm under abdominal septic conditions.
Methods. Male Wistar rats were randomly assigned to a 
sham group, a cecal ligation and perforation group, and a 
phosphodiesterase inhibitor-pretreated group. To measure 
serial changes in CINC-1 concentrations, the right hemidia-
phragm was removed at 4, 8, and 16 h after the surgical pro-
cedure in each group.
Result. In the cecal ligation and perforation group, CINC-1 
concentrations in the diaphragm were signifi cantly elevated 
compared with those in the sham group at both 4 and 8 h after 
the cecal ligation and perforation procedure. In the phospho-
diesterase inhibitor-pretreated group, olprinone signifi cantly 
attenuated the elevated CINC-1 concentrations at both 4 and 
8 h after the surgical procedure. However, we observed no 
statistically signifi cant differences in CINC-1 concentrations 
between the cecal ligation and perforation group and the 
phosphodiesterase inhibitor-pretreated groups at 16 h after 
the surgical procedure.
Conclusion. Olprinone decreases elevated CINC-1 concen-
tration in the diaphragm under septic conditions. This suggests 
that olprinone may inhibit neutrophil recruitment to the 
diaphragm.
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It is also well known that neutrophils play a crucial 
role in acute-phase responses, including sepsis. The 
recruitment of neutrophils to an infl ammatory site leads 
to the local release of infl ammatory mediators, which 
results in tissue injury or organ dysfunction. Cytokine-
induced neutrophil chemoattractant-1 (CINC-1), which 
was initially purifi ed from rat kidney epithelioid cells, is 
a member of the CXC chemokine family [8]. The chemi-
cal structure of CXC chemokines is characterized by the 
feature that the two N-terminal cysteines of these che-
mokines are separated by one amino acid, termed “X” 
in this acronym. The appellation of CXC originates 
from its chemical structure. The major function of 
CINC-1 in an acute-phase response includes neutro-
phils chemotaxis, eliciting neutrophil recruitment [9]. 
Additionally, it has also been demonstrated that hepatic 
CINC-1 functions as an acute-phase protein after brain 
injury [10].

In order to produce a septic animal model, the cecal 
ligation and perforation (CLP) technique was applied 
to an animal model, because this type of septic model is 
an established experimental model of abdominal 
sepsis.

In the present study, we hypothesized that an increase 
in CINC-1 concentration in an injured organ would be 
essential for neutrophil recruitment under septic cond-
tions. The purposes of this study were as follows: (1) to 
investigate the kinetics of CINC-1 in diaphragmatic 
muscle after CLP, and (2) to evaluate the effects of 
intraperitoneal olprinone on CINC-1 kinetics.

Materials and methods

Preparation of animals for abdominal sepsis

All experimental protocols were approved prior to the 
study by the Oita University Animal Care and Use 
Committee. The care and handling of the animals were 
in accordance with the United States National Institutes 
of Health guidelines.

Male Wistar rats, weighing 250 to 350 g, were made to 
fast overnight and were assigned to the following three 
groups: (1) a sham group; (2) a CLP group; and (3) a 
pretreatment with PDE inhibitor group (PDE group). 
To determine serial changes in CINC-1 concentrations 
in the diaphragm, we then randomly assigned rats in 
each group to subgroups which were killed 4, 8, and 16 h 
after the surgical procedure. Finally, the following nine 
subgroups were prepared: sham-4 h, -8 h, and -16 h (n = 
6 in each group); CLP-4 h, -8 h, and -16 h (n = 10, 6, and 
6, respectively); and PDE-4 h, -8 h, and -16 h (n = 9, 8, 
and 6, respectively).

Following anesthetization with sevofl urane, rats in the 
sham group were subjected to laparotomy through a 
midline abdominal incision. The cecum was minimally 

manipulated but neither ligated nor perforated. After 
manipulation of the bowel, the abdominal incision was 
closed with 3-0 silk thread. Laparotomy was also per-
formed on rats in the CLP group, after which the cecum 
was ligated just below the ileocecal valve with 3-0 silk 
thread. Following ligation, the cecum was perforated 
three times with an 18-gauge needle, then gently com-
pressed to extrude feces through the perforations. The 
small intestine and cecum were returned to the abdomen 
and the incision closed. In the PDE group, olprinone 
(Eizai Pharmaceutical, Tokyo, Japan) 15 mg·kg−1, a rep-
resentative PDE inhibitor, was administered intraperi-
toneally 60 min before CLP preparation. At the same 
time, an identical volume of saline was administered 
intraperitoneally at the same site in both the sham and 
the CLP groups. After each rat was killed, the right 
hemidiaphragm was removed and stored at −80°C until 
the measurement of CINC-1 concentrations in the 
diaphragm was carried out.

Determination of CINC-1 concentrations in 
the diaphragm

The removed diaphragms were weighed and homoge-
nized with a homogenizer (Polytron PT-MR2100; 
Kinematica, Lucerne, Switzerland) in a 10% (wt/vol) 
homogenization buffer, which consisted of 50 mmol·l−1 
of phosphate buffer, pH 6.0, containing 0.5% hexadecy-
ltrimethylammonium bromide (Sigma, St. Louis, MO, 
USA), and which was sonicated for 20 s.

CINC-1 concentrations in the diaphragm were mea-
sured with a commercially available enzyme-linked 
immunosorbent assay (ELISA) kit (GRO/CINC-1; Rat 
Biotrak ELISA System; Amersham Biosciences UK, 
Buckinghamshire, UK), and assays of optical density 
were performed for each sample with a commercially 
available microplate reader (Bio Rad Model 680; Bio 
Rad Laboratories, Hercules, CA, USA).

The measurements of CINC-1 concentrations in each 
sample were performed according to the instructions 
provided with the commercial kit. However, the CINC-1 
concentrations in diaphragmatic tissue were found to be 
higher than those in serum. Therefore, each homoge-
nized sample was prediluted to a ratio of 1 : 5 with assay 
buffer. The CINC-1 concentration measurements 
obtained were expressed in picograms per gram of dia-
phragmatic muscle.

Statistical analysis

Values for all results were expressed as means ± SEM, 
with the number of experiments as n. The data were 
statistically analyzed with one-way analysis of variance 
(ANOVA), followed by Fisher’s least-signifi cant differ-
ence test. P values of less than 0.05 were considered 
signifi cant.
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Results

CINC-1 concentrations in the diaphragm (Fig. 1)

In the sham-operated group, CINC-1 concentrations at 
4 h, 8 h and 16 h were 57.0 ± 6.6, 59.3 ± 7.4, and 56.7 ± 
9.2 pg·g tissue−1, respectively. No statistically signifi cant 
differences were observed among these groups. In the 
CLP group, CINC-1 concentrations at 4 h, 8 h and 16 h 
were 467.2 ± 47.2, 456.9 ± 44.1, and 226.9 ± 29.4 pg·g tis-
sue−1, respectively. At all three points in time, CINC-1 
concentrations in the CLP group were signifi cantly 
higher than those in the sham group. CINC-1 concentra-
tions in the PDE-4, -8, and -16 h groups were 367.6 ± 
46.0, 246.2 ± 32.3, and 260.9 ± 17.6 pg·g tissue−1, respec-
tively. These concentrations of CINC-1 in the PDE 
group were also signifi cantly higher than those in the 
sham group.

A comparison of the PDE-4 h group with the CLP-4 h 
group showed statistically signifi cant differences in 
CINC-1 concentrations. CINC-1 concentration in the 
PDE-4 h group was signifi cantly lower than that in 
the CLP-4 h group. Similarly, CINC-1 concentration in 
the PDE-8 h group was signifi cantly lower than that 
in the CLP-8 h group. However, no statistically signifi -
cant differences were observed between the PDE-16 h 
and CLP-16 h groups.

Discussion

Sepsis or septic shock leads to multiple organ dysfunc-
tion syndrome (MODS) caused by microvascular dys-
function or cytokine activation [11]. Particularly in cases 

complicated by acute lung injury (ALI) or ARDS, acti-
vated neutrophils, which play a leading role in septic 
shock condition, accumulate in the lung tissue and sub-
sequently activate the cytokine cascade [5].

In patients with abdominal sepsis, several studies 
have demonstrated that diaphragmatic fatigability is 
associated with the progression of ALI or ARDS [6,12]. 
It has been suggested that the diaphragmatic fatigability 
associated with abdominal sepsis is induced by activated 
neutrophils in diaphragmatic muscle in which myelo-
peroxidase (MPO) activity is increased [7].

In septic animal models, both antithrombin and 
activated protein C have been reported to have benefi -
cial effects on ALI or ARDS [13,14]. However, the 
objectives of these studies focused on the effects of 
these agents on the circulatory state and cytokine 
expression within the lungs. No study has investigated 
cytokine kinetics in the diaphragm following abdominal 
sepsis.

In the present study, we chose the CLP model to 
reproduce clinical abdominal sepsis, and we investigated 
the kinetics of CINC-1, the chemokine responsible for 
infl ammatory reactions and the recruitment of neutro-
phils, because it has been demonstrated that CLP offered 
a reproducible septic model [15]. Additionally, it has 
also been shown that several cytokines were continu-
ously released from immune-competent cells [16].

Divangahi et al. [17] reported that the expression of 
proinfl ammatory cytokine genes, including interleukin-
1β (IL-1β), tumor necrosis factor-α (TNF-α), and IL-6 
was upregulated in the diaphragm after pulmonary 
infection induced by Pseudomonas aeruginosa. The 
results of their study suggested that the expression of 
various cytokines might be associated with the develop-

Fig. 1. Cytokine-induced neutrophil che-
moattractant-1 (CINC-1) concentration 
in the diaphragm. Data values are 
expressed as means ± SEM. Numbers in 
parentheses are numbers of experiments. 
*P < 0.01 compared with sham group; †P 
< 0.01 compared with phosphodiesterase 
(PDE) group. CLP, Cecal ligation and 
perforation group
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ment of diaphragmatic fatigability or dysfunction. 
However, Janssen et al. [18] demonstrated that in vitro 
recombinant human IL-6 administration did not alter 
diaphragmatic contractility. The inconsistency between 
these results may be a result of the complexity of 
the cytokine network. Therefore, we have focused on 
neutrophil migration and activation associated with 
organ dysfunction in septic rats. Our previous study 
showed that the degree of diaphragmatic fatigability 
paralleled MPO activity in the diaphragm [7]. This sug-
gests that neutrophil activation is essential for the devel-
opment of diaphragmatic fatigability. Therefore, it is 
necessary that the production of CINC-1 in the dia-
phragm is increased in order that neutrophil recruit-
ment and activation may occur.

CINC-1 possesses potent chemotactic activity for 
neutrophils, and this chemokine is released from mac-
rophages, mast cells, and infl ammatory fi broblast cells 
[9,19,20]. Shibata et al. [21] demonstrated that the 
production of CINC-1 by cultured rat macrophages 
stimulated by lipopolysaccharide (LPS) reached a 
maximum at 12 h after LPS stimulation. Meanwhile, it 
was also demonstrated that, in rats with LPS–induced 
sepsis, CINC-1 concentration in the air-pouch exudate 
reached a maximum at 4 h after subcutaneous LPS 
injection [9]. It was speculated that the difference in 
time to reach maximum CINC-1 production between in 
vivo and in vitro experiments could be attributed to the 
different responses of infl ammatory cell types, i.e., 
macrophages and fi broblasts.

In our study, the diaphragmatic concentration of 
CINC-1 in the CLP group, compared with that in the 
sham group, was signifi cantly elevated at 4 h after the 
CLP preparation. This elevated concentration persisted 
for 12 h thereafter. However, in both the PDE-4 h and 
-8 h groups, olprinone signifi cantly reduced CINC-1 
concentrations compared with those in the CLP-4 h and 
CLP-8 h groups, respectively. However, there were no 
signifi cant differences in CINC-1 concentrations 
between the CLP-16 h and PDE-16 h groups. This sug-
gests that a single administration of olprinone may 
provide an inhibitory effect on CINC-1 production 
during only a short period. Therefore, in the present 
study, a continuous infusion of olprinone might be a 
better administration method than a single injection. 
However, we speculate that, for the fi rst several hours 
after an insult, the inhibition of CINC-1 production pro-
vided by a single dose of olprinone may lead to consecu-
tive neutrophil recruitment and activation in an injured 
organ, resulting in organ protection.

In the present study, trends in diaphragmatic CINC-1 
concentrations were consistent with the trends in MPO 
observed in our previous study, wherein we demon-
strated that olprinone improved diaphragmatic contrac-
tility in a model of abdominal sepsis [7]. The results of 

our present study support the concept that olprinone 
suppresses proinfl ammatory cytokines originating from 
activated neutrophils in abdominal sepsis. Other PDE 
inhibitors, amrinone and milrinone, have been reported 
to affect the cytokine network mediated by nuclear 
factor kappa B (NFκB) [22]. It has also been demon-
strated that the inhibition of PDE itself by pentoxifyl-
line reduces NFκB activation [23]. These results suggest 
that olprinone also suppresses the cytokine cascade. 
While the mechanism underlying this effect of olpri-
none remains unclear, it is partially explained by recog-
nizing that olprinone may inhibit NFκB activation, 
subsequently inhibiting neutrophil recruitment and 
activation. Although, in clinical circumstances, olpri-
none is generally applied for cardiac dysfunction, includ-
ing congestive heart failure, olprinone may reduce the 
duration required for mechanical ventilation support by 
alleviating diaphragmatic fatigability, and thereby it 
may reduce mortality and morbidity in patients with 
sepsis.

In conclusion, olprinone decreases elevated CINC-1 
concentrations in the diaphragm during abdominal 
sepsis after CLP. We speculate that olprinone may 
inhibit neutrophil recruitment to the diaphragm, and 
consequently may modify the cytokine cascade.
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