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Abstract
AIM: To study the anti-inflammatory effects of
cholecystokinin-octapeptide (CCK-8) on
lipopolysaccharide (LPS)-induced endotoxic shock (ES)
and further investigate its signal transduction pathways
involving p38 mitogen-activated protein kinase (MAPK)
and IκB-α.
METHODS: Eighty-four rats were divided randomly into
four groups: LPS (8 mg kg-1, iv) induced ES; CCK-8
(40 µg kg-1, iv) pretreatment 10 min before LPS (8
mg kg -1); CCK-8 (40 g kg -1, iv) or normal saline
(control) groups. The inflammatory changes of lung and
spleen, phagocytic function of alveolar macrophage,
quantification of inflammatory cells in bronchoalveolar
lavage (BAL) were investigated in rats by using
hematoxylin and eosin (HE) staining, phagocytosis of
Candida albicans and differential cell counting. Nitric
oxide (NO) production in serum, lung and spleen was
measured with the Griess reaction. The mechanism
involving p38 MAPK and IκB-α signal pathways was
investigated by Western blot.
RESULTS: Inflammatory changes of lung and spleen
induced by LPS were alleviated by CCK-8, the increase
of NO induced by LPS in serum, lung and spleen was
significantly inhibited and the neutrophil infiltration in
BAL was significantly reduced by CCK-8. The number
of neutrophils was (52±10)×106 cells·L-1 in LPS group,
while it decreased to (18±4)×10 6 cells·L -1 in CCK8+LPS (P<0.01). The phagocytic rate of CCK-8 group
increased to (62.49±9.49) %, compared with control
group (48.16±14.20) %, P<0.05. The phagocytosis
rate was (85.14±4.64) % in LPS group, which reduced
to (59.33±3.14) % in CCK-8+LPS group (P<0.01). The
results of phagocytosis indexes showed similar changes.
CCK-8 may play an important role in increasing the
expression of p38 MAPK and decreasing the degradation
of IκB-α in lung and spleen of ES rats.
CONCLUSION: CCK-8 can result in anti-inflammatory

effects, which may be related to activation of p38 MAPK
and inhibition on the degradation of IκB-α.
Meng AH, Ling YL, Zhang XP, Zhang JL. Anti-inflammatory effect
of cholecystokinin and its signal transduction mechanism in
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INTRODUCTION
Lipopolysaccharide (LPS), a main component of Gramnegative bacterial endotoxin[1], is the leading cause of sepsis
or endo tox ic sh ock ( ES) , and wh en ad min ister ed
experimentally to animals, it results in the same inflammatory
response mimically. Physical stress such as infection can
stimulate proinflammatory cytokine production and release.
The overproduction of these cytokines has been postulated to
contribute to the development of tissue injury [2] . The
pathogenesis of inflammatory sepsis is also linked to the
overproduction of nitric oxide (NO), a potentially toxic
molecule, being possibly responsible in part for the cytotoxicity
of the inflammatory process[3]. Nuclear factor (NF)-κB is a
heterodimeric protein complex containing two members of the
rel family of transcription factors, p50 and p65. At rest, the
heterodimeric NF-κB complex is located in the cytoplasm
bound to an inhibitory factor, I-κB. Upon stimulation, IκB-α
is phosphorylated and proteolytically degraded or processed
by proteasomes and other proteases. Free NF-κB then
translocates into the nucleus where it binds to various gene
promoter regions controlling the expression of various proinflammatory and proliferative agents[4]. NO augments the
activation of NF-κB in macrophages and, therefore, may play
a role in producing a positive cycle of inflammation[5]. One of
the earliest responses to LPS is activation of the mitogenactivated protein kinase (MAPK) homolog p38. The p38
MAPK is involved in intracellular signals that regulate a variety
of cellular responses during inflammation[6]. A slightly later
cellular response to LPS is the activation of NF-κB, which
does not require p38 kinase activity[7].
Cholecystokinin (CCK), a component from the gastrinCCK family, first isolated from hog intestine, shows a
widespread distribution in different organs and tissues. The
sulfated carboxy-terminal octapeptide (CCK-8), isolated from
the central nervous system and digestive tract, is the
predominant active form. CCK-8 possessed both excitatory
and inhibitory action on contractile activity of different regions
of stomach in guinea pigs[8]. CCK-8 could antagonize the
elimination of morphine on the potentiations of ACh to
duodenal activities[9]. Besides the effects on the digestive tract,
other biological actions of CCK-8 have been observed, for
instance appetite inhibition and so on[10,11]. In the spleen, CCK8 is formed in high abundance in the white pulp where it appears
to surround cell clusters. It seems that CCK-8 increases the
secretion of immunoglobulins in vivo [12], whereas it inhibits
Molt-4 lymphoblast proliferation[13] and modulates mitogen-
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induced lymphoproliferation and intracellular calcium
mobilization in vitro [14,15]. CCK-8, a chemoattractant for human
monocytes and rat macrophages [16], enhanceing human
eosinophil chemotaxis induced by PAF and LTB4 in allergic
patient[17] is a negative modulator of several murine macrophage
and human neutrophil functions[18,19].
Our previous in vivo and in vitro study demonstrated that
CCK-8 could protect animals from ES[20,21], which was related
to its in hibitor y eff ect on th e o verp r od u ctio n o f
proinflammatory cytokines[22] and on the transcription of TNFα[23]. In the present study, the effects of CCK-8 on NO
production, inflammatory changes of lung and spleen induced
by LPS and phagocytic function of rat alveolus macrophage
and further on the p38 MAPK and IκB-α expression in lung
and spleen were investigated.

MATERIALS AND METHODS
Materials
CCK-8 (sulfated), LPS (E.coli LPS, serotype 0111:B4),
leupeptin, pepstatin A, Triton X-100 and p38 monoclonal
antibody were all purchased from Sigma, RPMI-1640 from
Gibcobrl, aprotinin from Boehringer, IκB-α polyclonal
antibody from Santa Cruz. All other reagents used were of
analytic grade.
Methods
Animal preparation[22] Sprague-Dawley rats (150-200 g BW,
Experimental Animal Center of Hebei Province) were
randomly assigned to four groups injected different agents via
tail vein. For group receiving LPS, a bolus dose (8mg/ kg) of
LPS was injected into the tail vein. For group of CCK-8+LPS,
a bolus dose (40 µg/ kg) of CCK-8 was administered 10 min
before the injection of LPS. Negative control animals received
saline. CCK-8 (40 µg/ kg) was also administered alone in the
other group.
Sample collection Animals were sacrificed at 2 h, 6 h or 12 h,
spleen and lung were rapidly excised and rinsed of blood, and
blood was taken and centrifuged to collect serum. The samples
were stored at -80 for analysis of NO content. Additional
groups of animals were sacrificed at 30 min and their lungs
and spleens excised were analyzed for p38 MAPK and IκB-α
expression.
Histological examination Rats were treated as described in
animal preparation and sacrificed at 2 h, 6 h or 12 h after LPS
administration. Lung and spleen were sliced into pieces and
preserved in 10 % formalin. Tissue samples were embedded
in paraffin, cut into 5-µm sections, and then assessed by routine
staining with hematoxylin and eosin (HE) and examined by
light microscopy.
Nitrate/nitrite analysis The samples (serum, spleen, lung)
collected 2 h, 6 h or 12 h were analyzed. Tissues were
homogenized with PBS (4 , pH 7.2, 100 mg tissue/ml) and
centrifuged at 12 000 rpm, 10 min. Supernatants and serum
were assayed NO content based on the Griess reaction, which
consists of measurement of stable end breakdown products of
NO such as nitrite that are considered to be reliable markers
for NO formation. The nitrite was converted to a deep purple
compound and absorbance was read at 550 nm, and nitrite
concentration was determined using NaNO2 standards.
Phagocytic function Two hours after injection of LPS, bronchus
alveolus lavage fluid (BALF) was obtained and macrophages
were isolated from BALF by centrifugation (1 500 rpm, 10 min)
[6]
. Being washed with normal saline (NS), the cells were
resuspended in RPMI-1640, adjusted to 106/ ml and incubated
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for 2 h. The adherent monolayer was washed with RPMI-1640
and then aliquots of Candida albicans (2 10 7 cells/ml
medium), previously in water bath (100 ) for 30 min were
added. After 60 min of incubation, the plates were washed
with NS, fixed and stained and the number of yeasts ingested
per 100 macrophages was counted. Phagocytosis rate and
phagocytosis index were calculated according to the following
equation:
Phagocytosis rate (%)= (macrophages with yeasts ingested/
total macrophages) %
Phagocytosis index = number of Candida albicans ingested /
number of macrophages with Candida albicans ingested
Quantification of inflammatory cells Neutrophil influx was
determined in the BALF samples obtained 2 h by differential
cell counting. Total whole cell counts were obtained in BALF.
The cells were smeared on slides and stained with WrightsGiemsa stain. Three differential counts on 200 cells per slide
were performed and the percentage of macrophages/
monocytes, lymphocytes and neutrophils were determined.
Western blot Lung and spleen were excised 30 min after
injection of LPS. Tissues were homogenized in a buffer
containing 50 mM Tris (pH7.5), 150 mM NaCl, 1 % TritonX100, 0.5% deoxycholic acid, 0.1 % sodium dodecyl sulfate, 1
mM phenylmethylsulfonyl fluoride (PMSF), 10 mM NaF,
1mM sodium vanadate and a 40 µg/ml protease inhibitor
cocktail and centrifuged at 18 000 rpm, 4 , 10 min.
Supernatants were fractionated on 12 % SDS-polyacrylamide
gels, transferred to poly (vinylidene difluoride) membranes,
and incubated with phospho-specific anti-p38 MAPK or IκBα polyclonal antibody. Being washed three times in T-PBS,
membranes were incubated in horseradish peroxidase-linked
secondary antibody for 1 h at room temperature. Membranes
were again washed three times with T-PBS and stained with
diaminobenzidine (DAB).
Statistical analysis Data were reported as x ±s. Statistical
differences between values from different groups were
determined by one way ANOVA and Newman-Keuls q test.
Significance was set at P<0.05.

RESULTS
CCK-8 alleviated inflammatory changes induced by LPS
Lung and spleen were harvested at 2 h, 6 h or 12 h. There were
structural injury in LPS group and alleviated changes in CCK8+LPS group at 2 h, while more significant changes at 6 h and
12 h. The lung of LPS-stimulated rats demonstrated widened
septa of alveoli, diffuse infiltration and migration of acute
inflammatory cells (PMN) accompanied by atrophied or
disappeared alveoli, and slight alveolar atelectasis or
emphysema. While in CCK-8+LPS group, the inflammatory
changes were evident, but to a lesser extent. The spleen of
LPS-stimulated rats showed hyperaemia in spleen sinusoids
with concentrated red blood cells (RBC) and PMN, while it
changes to a lesser extent in CCK-8+LPS group. There was
not much difference between CCK-8 group and control group
(Figure 1).
CCK-8 inhibited NO production
Studies of LPS-induced NO production in spleen, lung and
serum showed increase in either nitrate or nitrite levels at 2 h,
6 h or 12 h after LPS administration. Significant increase was
observed at 6 h, compared with that in control animals. CCK8 produced inhibitory effect on increase of NO content induced
by LPS (Table 1).
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Figure 1 CCK-8 alleviated pulmonary (upper, 100) and spleen (lower, 200 ) structural injury 6 h after LPS administration. A.
Control group. B. LPS group. C. CCK-8+LPS group. D. CCK-8 group. Plate depicts a representative field from one of three rats.
www.wjgnet.com
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Table 1 Inhibitory effect of CCK-8 on LPS stimulated nitrite
production in serum, lung and spleen (n=6)
Group

2h

6h

12 h

Serum (µmol·L-1)
Control

36.8

2.2

39.2

3.2

33.8

LPS

78.2

7.4b

250.9

19.6b

CCK-8+LPS

48.5

5.3d

124.8

4.9bd

CCK-8

37.3

2.3

32.4

6.6

Control

48.9

7.6

47.2

4.7

LPS

117.5

6.7b

140.6

24.1b

CCK-8+LPS

81.9

10.8bd

114.8

8.3bd

CCK-8

52.6

5.6

44.0

2.3

Control

53.9

5.6

48.5

9.0

49.8

6.1

LPS

71.3

8.9b

74.7

4.2a

63.5

3.8a

CCK-8+LPS

59.6

3.3c

46.5

11.0d

CCK-8

45.0

2.9

42.7

2.3

302.9

4.1
41.2b

Western blot
Significant phosphorylation of p38 MAPK was observed in
lung and spleen of endotoxic rats 30 min post LPS
ad ministration . CCK- 8 can en hance LPS- in du ced
phosphorylation of p38 MAPK significantly. Phosphorylation
of p38 MAPK was also observed in animals receiving normal
saline or CCK-8. The degradation of IκB-α in lung and spleen
following LPS administration was observed, while the
procedure of pre-administration of CCK-8 could reduce its
degradation (Figure 3).
5.0

Lung (µmol·g-1)
6.1

4.5
4.0

186.6

8.3b

3.5
Phagocytic index

51.2

Spleen (µmol·g-1)

3.0

b

2.5
2.0
1.5
1.0
0.0
90
80

Phagocytic function changes
Phagocytosis of alveolar macrophages isolated from BALF 2
h after LPS administration was increased significantly, the
phagocytosis index increased from 2.43±0.71 (Control) to
3.80±0.60 (P<0.05). CCK-8 showed an inhibitory effect on
the LPS-induced increase of Candida albicans phagocytosis
by macrophage. The phagocytosis index in CCK-8+LPS group
reduced to 2.21±0.14, P<0.05. While the phagocytosis rate of
CCK-8 group was (62.49±9.49)%, which was higher than
control group (48.16±14.20)%, P<0.05 (Figure 2).
Changes of inflammatory cells
Compared with Control, significant increase of BAL
neutrophils was observed in LPS group, The number increased
from (1±0.2) 106 cells L-1 to (52±10) 106 cells L-1, P<
0.01. It decreased to (18±4) 106 cells L-1,P<0.01, in CCK8+LPS group compared with LPS group.
Lung
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Figure 3 p38 MAPK (A) was activated by LPS and enhanced
by CCK-8 in rat lung (left) or spleen (right) using Western
blotting. Degradation of IκB-α in lung and spleen following
LPS administration was observed and pre-administration of
CCK-8 could reduce its degradation. These figures are representative of three different experiments. 1. Normal control, 2
LPS (8 mg·kg-1), 3. CCK-8 (40 g·kg-1)+LPS, 4. CCK-8

Phagocytic rate(%)

P<0.05, bP<0.01 vs Control, cP<0.05, dP<0.01 vs LPS
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Figure 2 Effect of CCK-8 on LPS-induced increase of phagocytic capacity of Candida albicans by alveolar macrophages
isolated 2 h after LPS administration.
a
P<0.05 vs Control,bP<0.01 vs LPS.

DISCUSSION
Some studies examined ex vivo measures of immune function
stimulated by LPS or CCK-8. While ex vivo determinations of
immune function are useful, and yield important information
concerning the status of the immune system, there is the
concern that ex vivo stimulation of immune cells may not be
naturalistic and consequently be of limited value when
immunocompetence is assessed in a whole organism. Thus
another approach which has been used to assess immunological
status in laboratory animals, is to examine their ability to respond
to an in vivo challenge with bacterial LPS[24]. Macrophages are
the sources of proinflammatory cytokines[25]. Inflammatory
mediators like cytokines, NO and reactive oxygen species are
released by activated macrophages from various sources,
including spleen and lung. NO is particularly important as a
vasodilator but also participates in immunologic reactions,
including the ability of macrophages to kill tumor cells and
bacteria[26]. Some of the deleterious effects of LPS on organ
function have been attributed to NO[27]. CCK-8 exerts an
inhibitory effect on the overproduction of proinflammatory
cytokines induced by LPS, which suggested its functions of
anti-inflammatory effect[22]. In addition, CCK-8 inhibits LPS-
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induced increase of NO, which may be related to its inhibition
on inducible NO synthase[28]. In contrast, our data do not
support the idea that CCK-8 may be mediating the antiinflammatory effects by the production of NO, to which antiinflammatory effects also have been described[29].
Members of the MAPK cascade are considered to play key
roles in signal transduction pathways activated by a wide range
of stimuli. The three best characterized members of this
growing family of serine/threonine kinases are extracellular
signal-regulated kinase (ERK), c-jun N-terminal kinase (JNK)
and p38. Active MAPK are responsible for the phosphorylation
of a variety of effector proteins including several transcription
factors [30]. P38 may help reduce organ destruction while
inhibition of p38 during induction of cerulein pancreatitis leads
to the occurrence of acinar necrosis[31]. Recent evidence from
other systems indicates that p38 activation can indeed be
protective. Thus, p38 is reportedly important for protection
observed after ischemic precondition in myocardial cells and
it is evidenced that p38 may exert protective effects via its
substrate MAPKAPK2 (MAPK activated protein kinase 2)[32,33].
Activated p38 inhibited iNOS induction, which may be due to
the ability of p38 to inhibit LPS-induced JNK activation[34,35].
The anti-inflammatory effects of CCK-8 seem to involve the
p38 MAPK pathway. The mechanism by which CCK-8
modulates the p38 MAPK remains unclear at this time. Sodium
salicylate suppress TNF-α production, activates p38 MAPK
and inhibits both ERK1/ERK2 and SAPK/JNK MAPKs in
LPS-stimulated macrophages. Additionally, it has been shown
that p38 activation is required for IκB-mediated inhibition of
NF-κB[36]. It was reported that LPS-induced production of TNFα was regulated mainly, but not exclusively, through the p38
MAPK pathway[37-40]. Other signal pathway may be involved.
Induction of tolerance by sublethal hemorrhage(SLH) is
dependent of p38 MAPK activation and this intracellular signal
may be a necessary step in the initiation of the cellular
reprogramming associated with tolerance. The normal
activation of p38 MAPK is preserved in response to a “second
insult” with LPS despite an attenuation in TNF production by
tolerant cell[41].
NF-κ plays an important role in physiologic and pathologic
conditions as an inducible nuclear factor. NF-κ B/Rel have
been implicated in the inflammatory response. Degradation of
IκB-α proteins frees NF-κB proteins, which then translocate
into the nucleus, where they activate transcription[42]. Another
study from our laboratory showed CCK-8 inhibited the
increased activity of NF-κB induced by LPS in lung of rats,
which may be related to its anti-inflammatory effect.
CCK-8 inhibits phagocytic function of alveolar macrophages
isolated 2 h after LPS administration. In vivo, this would
prevent the excess accumulation of phagocytic cells in the
inflamed area, and thereby decrease the phagocytic process.
This may be related to its anti-inflammatory effect.
Interestingly, CCK-8 itself increases the phagocytic process
compared with control. The result indicated that CCK-8 may
play different immunoregulatory role in different conditions[43].
The development of tissue damage in shock is closely
associated with the release of an ever-increasing number of
mediators and acculmulation of neutrophils at the sites of
infection or injury[44]. CCK-8 alleviated the accumulation of
neutrophils in BALF, which may be related to its protecting
effect on lung of ES rats.
The results of the present study show that administration
of CCK-8 prevents inflammatory changes in lung and spleen
of rats and attenuates increase of NO and inflammatory cells
induced by LPS. Moreover, CCK-8 inhibits LPS-induced
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increase of macrophage phagocytic function while itself
increases phagocytic function. CCK-8 enhances the expression
of p38 MAPK while reduces the degradation of IκB-α induced
by LPS, which may be involved in the signal transduction
pathway.
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