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Abstract

AIM: To investigate the effects of sulfated cholecysto-
kinin octapeptide (CCK-8S) on the contractile activity
of guinea-pig proximal colon.

METHODS: Proximal colonic smooth muscle (PCSM)
strips were obtained from adult female guinea pigs and
contractile response of PCSM strips was recorded using
a polyphysiograph. PCSM cells were isolated by enzy-
matic digestion. Resting potential (RP), action potential
(AP), large conductance potassium channel currents
(Iexca) and L-type calcium currents (IcaL) were recorded
by patch-clamp techniques.

RESULTS: (1) CCK-8S (107 mol/L) enhanced the mean
contractile amplitude of colonic circular muscle and
longitudinal muscle (LM) strips by 56.53% + 11.92%
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(P = 0.038) and 65.93% + 12.98% (P = 0.019), re-
spectively, as well as the mean frequency of LM by
31.69% =+ 13.58% (P = 0.023), which were signifi-
cantly attenuated by pretreating strips with devazepide,
nifedipine, iberiotoxin, thapsigargin (TG) and BAPTA-AM
(BA) respectively; (2) CCK-8S (107 mol/L) increased the
AP amplitude by 38.6% =+ 3.2% (P = 0.015), decreased
AP duration by 36.9% =+ 8.7% (P = 0.026), and depo-
larized the RP from -61.3 £ 2.7 mV to -29.8 £ 5.9 mV
(P = 0.032); and (3) Compared with the normal control
group, CCK-8S (107 mol/L) enhanced the peak current
of Iexca by 18.7% % 2.1% (from 916 + 183 pA to 1088
+ 226 pA; at +60 mV; P = 0.029), which was inhibited
by respective pretreatment with iberiotoxin and devaz-
epide. Additionally, CCK-8S (10”7 mol/L) intensified the
peak current of Icat by 40% (from 60 + 8 pA to 84 +
11 pA; at +10 mV; P = 0.012), compared to the nor-
mal control group, which was apparently suppressed
by respective pretreatment with nifedipine, devazepide,
TG and BA. In the respective presence of heparin and
staurosporine, CCK-8S did not significantly enhance Iskca
and Icat.

CONCLUSION: The results suggest that CCK-8S pro-
motes guinea-pig proximal colon contraction by CCK1
receptors, following activation of the inositol triphos-
phate-protein kinase C signal transduction pathway.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Cholecystokinin (CCK), a gut-brain peptide, plays an im-
portant role in regulating a variety of physiological func-
tions such as the stimulation of exoctine and endocrine
secretion, mediation of emotion and behavior, and the
regulation of gut motor functions' . Previous studies
investigating the targets for CCK in the gastrointestinal
tract have focused mainly on the gallbladder and pancreas.
However, recent research has shown that CCK and its
related peptides are implicated in the pathophysiology of
functional digestive diseases, such as irritable bowel syn-
drome (IBS). Several eatly reports also have indicated that
either an altered release of CCK or abnormal responses
to this peptide could be responsible for the symptoms of
BsP?,

It has been reported that sulfated CCK octapeptide
(CCK-8S) is the predominant and major molecular form
of CCK peptides™” and it actions on the gastrointestinal
tract through two receptor subtypes, designated as CCK1
and CCK2". Previous studies have shown that some
mechanisms could be involved in the effect of CCK on
smooth muscle motility in the gastrointestinal tract. First,
it has been reported that CCK1 receptors appeat to be
involved mainly in the control of gut motility and visceral
sensation™"", CCK2 receptors mainly contribute to the
release of histamine from enterochromaffin-like cells in
the stomach!"", and the stimulation of acid secretion from
parietal cells"*"”. Second, Morton e7 a/'* have demonstrat-
ed that CCK-induced contraction of the human colon
and gallbladder smooth muscle is mediated solely through
the CCK1 receptor, whereas Fornai ¢ a/*" have reported
that CCK2 receptors mediate the inhibitory action of the
peptide on the contractile activity of human distal colon,
via the nitric oxide pathway. Furthermore, activation of
protein kinase C (PKC) can enhance L-type calcium cur-
rent (Ica1) in a variety of smooth muscles'”. Tt has been
shown that CCK can activate phospholipase C through
binding to its distinct receptors’™!”. CCK-8S-evoked [Ca” s
concentration increase in gastric antral smooth muscle
cells (SMCs) depends on the release of [Ca”"]i stores that
are regulated positively by CCK1 receptors via PKC-medi-
ated phosphorylation of inositol trisphosphate (IP3) type
3 receptor'”. Released Ca’’ in turn activates Icar, which
ultimately results in the contraction of the gastric smooth
muscle”. However, the direct electrophysiological effects
of CCK on the contractile activity of the colon and the
crosstalk between the CCK-8S-triggered PKC and Ca™*
signaling pathways in colon SMCs remain unclear.

Therefore, in the present study, we investigated the
effects of CCK-8S on the contraction of proximal colon
smooth muscle strips, resting potential (RP), action po-
tential (AP), large conductance potassium channel cut-
rent (Iskca) and Icaer in smooth muscle cells (SMCs) of
proximal colon. In addition, the role of the IP3-mediated
protein kinase C (PKC) pathway in the physiological re-
sponses of SMCs to CCK-8S was also studied.
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MATERIALS AND METHODS

Experimental animals

Adult female guinea pigs (250-300 g) were obtained by mail
from the Experimental Animal Center of Wuhan Uni-
versity and housed under controlled conditions and tem-
perature (25 * 2°C). The animal-testing protocol used in
the present investigation was approved by the Institutional
Animal Care and Use Committee of Wuhan University.

Reagents and solutions

The physiological saline solution (CaPSS) contained (in
mmol/L): NaCl 135.0, KCl 5.0, CaCl22.0, MgCl2 1.2,
glucose 10.0, and HEPES 10.0 (adjusted to pH 7.4 with
NaOH). The Ca”-free PSS contained similar ingredients,
without CaClz. Tyrode buffer contained (in mmol/L):
NaCl 147.0, KCl1 4.0, CaClL 2.0, NaH2PO4 0.42, Na2HPO«
2.0, MgCl 1.05, and glucose 5.5 (adjusted to pH 7.4 with
NaOH). KB solution contained (in mmol/L): EGTA 0.5,
HEPES 10.0, MgCl 3.0, KCI 50.0, glucose 10.0, L-gluta-
mate 50.0, taurine 20.0, and KH2PO4 20.0 (adjusted to pH
7.4 with NaOH). Digestive solution contained: 0.1% colla-
genase 11, 0.1% trypsin inhibitor and 0.2% BSA dissolved
in Ca”" free-PSS. Internal pipette solution used in experi-
ments investigating APs and RPs contained (in mmol/L):
K-aspartate 120.0, HEPES 10.0, EGTA 10.0, Na2ATP
5.0, MgClz 4.0, and CaCl2 3.0 (adjusted to pH 7.4 with
KOH). Internal pipette solution of large conductance
potassium channel contained (in mmol/L): KCI 20.0,
K-aspartate 110.0, MgCl 6H20 1.0, Mg-ATP 5.0, Naz cre-
atine phosphate 2.5, EGTA 2.5, and 2.0 pug/ml nystatin
(adjusted to pH 7.4 with KOH). Internal pipette solu-
tion of L-type calcium channel contained (in mmol/L):
CsCl 135.0, MgClz 4.0, HEPES 10.0, Na2-ATP 2.0, EGTA
10.0, tetracthylammonium (TEA) 20.0, and 2.0 pg/mL
nystatin (adjusted to pH 7.35 with Tris-HCI). All these
chemicals together with CCK-8S, nifedipine, iberiotoxin,
thapsigargin (TG) and BAPTA-AM (BA) were purchased
from Sigma (St Louis, MO, USA). Devazepide and CI 988
were purchased from Tocris Bioscience (UK).

Preparation of isolated colonic smooth muscle strips
Guinea pigs were sacrificed by ether, followed by cervical
exsanguination. The proximal colon was removed, cleaned
and opened along the mesenteric border and then placed
in Ca”'-free PSS bubbled with carbogen (95% O2/5%
COy2). The smooth muscle strips (3 mm X 10 mm) were
obtained after the mucosa and submucosa were excised.

Preparation of isolated colonic SMCs

Single SMCs were isolated by enzymatic digestion as de-
scribed previously™. The strips of proximal colon were
pinned to the base of the sylgard surface of a Petri dish
and the mucosa was carefully dissected away under an an-
atomical microscope. The tissue was cut into small strips
(about 2 mm wide and 5-6 mm long) and placed in Ca™'-
free PSS solution that contained 0.12% (w/v) collagenase
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I supplemented with 0.2% soybean trypsin inhibitor and
0.2% bovine serum albumin (BSA), and incubated for
25 min at 37°C. After completion of digestion, the seg-
ments were washed five times in a Ca”*-free PSS solution
and then triturated gently with a fire-polished Pasteur pi-
pette to create a cell suspension. Cells were stored at 0-4C
and used within 8 h.

Contraction recording of proximal colonic smooth
muscle (PCSM) strips

Each fresh smooth muscle strip was mounted in an or-
gan bath and connected to an isometric force transducer
(JZJOIH, Chengdu, China). The organ baths contained
10 mL Tyrode’s buffer at 37°C and were constantly
warmed by a circulating water jacketed at 37°C, and bub-
bled with carbogen (95% Oz/5% CO2). One end of the
strip was fixed to a hook on the bottom of the chamber,
while the other end was connected by a thread to an ex-
ternal isometric force transducer at the top. Each muscle
strip was placed under a resting preload of 1.0 g and
allowed to equilibrate for 60 min, with solution change
every 20 min. The frequencies of contraction were
calculated by counting the contraction waves per min-
ute. The mean contractile amplitude and frequency of
spontaneous contractions were recorded (control values)
and compared with the mean contractile amplitude and
frequency when exposed to treatment (response values).
The results were presented as the changed percentage
(changed percentage = 100% X (response value - control
value)/control value)”.

Measurement of RPs and APs in isolated colonic SMCs
Several drops of cell suspensions were placed in a record-
ing chamber that was mounted with an inverted micro-
scope. Cells were superfused with CaPSS (3 mlL/min)
after adhering to the coverslip. Membrane potentials were
recorded by EPC-10 amplifier (HEKA, Lambrecht, Ger-
many). Cells were patch-clamped in current clamp mode
after a 10-min equilibration. The AP stimulus pattern was
composed of a 600-pA current step for 8 ms; the holding
current of which was 0 pA. After several minutes equili-
bration, the current-clamp mode was transformed into the
whole-cell voltage-clamp mode and the RP was shown in
the V-membrane screen. Drugs were added subsequently
to the cell suspension to observe relative effects on AP
and RP when their values were stable.

Nystatin-perforated whole-cell patch-clamp recordings

Several drops of cell suspensions were placed in a record-
ing chamber that was mounted with an inverted micro-
scope (Olympus, Japan). After adhering to the coverslip,
the cells were infused with Tyrode’s buffer (3 mL/min).
Pipettes were made using a micropipette puller (PC-10;
Narishige, Japan). Typical pipette resistances were 3-5 MQ.
A gigaseal was formed with negative suction. Capacitance
was compensated for and the residual capacitance current
was removed digitally. Whole-cell currents were recorded
by using a mystatin-perforated whole-cell patch-clamp config-
uration with an EPC-10 amplifier (HEKA, Germany). The
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effects of CCK-8S at different concentrations were in-
vestigated on Iskca and Icar. Data were filtered at 200 Hz,
digitized at 10 kHz (filter 1) and 2.9 kHz (filter 2), and
stored in the computer for subsequent analyses. All the
experiments were conducted at 25 + 2°C.

Statistical analysis

Statistical analyses were performed using SPSS for Win-
dows, version 15.0. Results are expressed as the mean *
SD of # strips or cells. Data were compared using Student’s
ttests. P < 0.05 was considered statistically significant.

RESULTS

Effects of CCK-8S on the contraction of PCSM strips
CCK-8S enhanced the resting tension of PCSM strips
when applied for 3-5 min (Figure 1). CCK-8S (10" mol/1)
increased the mean contractile amplitude of circular mus-
cle (CM) and longitudinal muscle (LM) strips by 56.53%
T 11.92% and 65.93% *£ 12.98%, respectively, as well as
the mean frequency of LM by 31.69% % 13.58% (» =
15 for each group, P = 0.038, 0.019, 0.023), but CCK-8S
had little influence on the frequency of CM (# = 15, P =
0.087) (Figure 1, Table 1). CCK-8S-intensified effects on
proximal colonic strips were significantly attenuated when
these strips were pretreated with CCK1 receptor antago-
nist devazepide (107 mol/L), I-type calcium channel in-
hibitor nifedipine (10” mol/L), Ca” -ATPase inhibitor TG
(107 mol/L), or intracellular calcium chelator BA
(10° mol/L) (# = 15 for each group, P < 0.05). Pretreat-
ing CM and LM strips with iberiotoxin (10° mol/L), a
selective BKCa channel blocker, did not inhibit the CCK-
8S-induced increase in the contractile amplitude of CM
and LM strips (# = 15 for each group, P = 0.096, 0.078 s
CCK-8S group), but decreased their frequency (z = 15 for
each group, P = 0.0306, 0.041 »s CCK-8S group) (Figure 1,
Table 1), whereas superfusion with the CCK2 receptor
antagonist CI 988 (107 mol/L) did not block the CCK-
8S-intensified effect on CM and LM strips (# = 15 for
each group, P > 0.05) (Figure 1, Table 1).

Effects of CCK-8S on RPs and APS of PCSMCs

CCK-8S (107 mol/IL) depolarized RP of SMCs from -61.3
T 27mVto-29.8 £ 59 mV (=15, P = 0.032) (Figure 2).
In the presence of devazepide (107 mol/L), CCK-8S
(10" mol/L) did not depolarize RP (-59.4 + 3.8 mV, 1 =
15, P = 0.065 »s control group) (Figure 2). When SMCs
were preincubated with CI 988, CCK-8S (107 mol/L)
depolarized RP to -32.8 £ 4.2 mV (» = 15, P = 0.029 s
control group) (Figure 2). The AP amplitude was expressed
as peak value, and the mean amplitude in the control
group (CaPSS) was 169.9 £ 12.3 mV (# = 15) (Figure 3A
and D). After the addition of CCK-8S (107 mol/L), the
AP amplitude was increased by 38.6% =+ 3.2% [from 169.9
T 123 mV (in control CaPSS) to 235.5 = 11.6 mV, » = 15,
P = 0.015] (Figure 3A-C and E), and fast repolarization
time (repolarizing to 90% of the peak value of AP, To)
was shortened by 36.9% £ 8.7% [from 48.42 £ 3.38 ms
(in control CaPSS) to 30.53 £ 4.15 ms, » = 15, P = 0.026]
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CM strips LM strips

Amplitude Frequency Amplitude Frequency
CCK-85 56.53 + 11.92° 0.87 +1.52 65.93 +12.98° 31.69 + 13.58"
Devazepide + CCK-8S 3.68+1.17 1.92+0.83 2.09+0.78 157 +1.07
Nifedipine + CCK-8S -79.26 +5.93° -19.82 +3.92° -78.69 + 6.42° -21.58 + 2.87°
Iberiotoxin + CCK-8S 49.93 +11.81 -36.57 +17.35° 57.47 +10.92 -23.82 +5.97°
TG & BA + CCK-8S -98.12 +0.72¢ -97.42 +2.73¢ -97.57 +1.25" -96.11 +3.26"
CI 988 + CCK-8S 53.29 + 0.52 1.48 +0.17 57.48 +11.27 28.96 + 9.53

°P < 0.05 vs control group; ‘P < 0.05, “P < 0.01 vs CCK-8S group. CCK: Cholecystokinin; CM: Circular muscle; LM:

Longitudinal muscle; TG: Thapsigargin; BA: BAPTA-AM.
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Figure 1 Effects of CCK-8S on the resting tension of guinea pig proximal
colonic smooth muscle (PCSM) strips. A: Representative traces of the effect
of CCK-8S (107 mol/L) on the resting tension of circular muscle (CM) strips.
CCK-8S increased the mean contractile amplitude of CM strips, which was
inhibited by pretreatment with CCK1 receptor antagonist devazepide (107 moliL),
L-type calcium channel inhibitor nifedipine (10° mol/L), Ca**-ATPase inhibitor
thapsigargin (TG) (10° mol/L) and intracellular calcium chelator BAPTA-AM
(BA) (10° mollL). Pretreating CM strips with iberiotoxin (10° moliL), a selective
potassium channel inhibitor, did not block the CCK-8S-induced increase in the
contractile amplitude of CM strips but decreased the frequency; B: Representative
traces of the effect of CCK-8S (107 mol/L) on the resting tension of longitudinal
muscle (LM) strips. The CCK-8S-induced increase in the amplitude and frequency
of LM strips was inhibited by pretreatment with devazepide (107 moliL), nifedipine
(10® mollL) or TG (10° mol/L) and BA (10° mol/L). Pretreating LM strips with
iberiotoxin (10° mol/L) did not attenuate the CCK-8S-induced increase in the
contractile amplitude of LM strips but decreased the frequency. CCK2 receptor
antagonist Cl 988 had no effect on the CCK-8S-induced contraction of CM and
LM strips.

(Figure 3A, B, D and F), which were blocked when SMCs
were pretreated with 107 mol/L devazepide (171.2 +
13.4 mV, 47.18 £ 3.45 ms, » = 15, P = 0.006 »s CCK-8S
group, P = 0.074 »s control group) (Figure 3E and F). In
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Figure 2 Effects of CCK-8S on resting potential (RP) of PCSMCs. RP
rose from -61.3 £ 2.7 mV to -29.8 + 5.9 mV after superfusion with CCK-8S
(107 moliL). In the presence of devazepide (107 mol/L), CCK-8S (107 mol/L)
did not depolarize RP (-59.4 + 3.8 mV). When SMCs were pretreated with
Cl 988, CCK-8S (107 mol/L) depolarized RP to -29.8 £ 5.9 mV. °P < 0.01 vs
control group (CaPSS).

contrast, CI 988 did not inhibit the CCK-8S-evoked ef-
fect on AP amplitude and To (228.8 + 12.9 mV, 31.26 *
3.97 ms, n = 15, P = 0.083 0.092 »s CCK-8S group)
(Figure 3E and F). After SMCs were incubated with nife-
dipine (10° mol/L), the enhancement of AP amplitude
by CCK-8S was inhibited (75.6 £ 8.3 mV, » = 15, P =
0.039 »s CCK-8S group) (Figure 3A and E). In addition,
superfusion with iberiotoxin (10° mol/L) significantly at-
tenuated the effect of CCK-8S on To (46.54 + 4.88 ms,
n =15, P = 0.026 s»s CCK-8S group; P = 0.079 »s control

group) (Figure 3B and F).

Effects of CCK-8S on Iskcain PCSMCs

With nystatin-perforated whole-cell voltage-clamp record-
ings, Iskcawas evoked by using a depolarizing step pulse
from a holding potential of -60 mV to +100 mV for
400 ms, with an interpulse interval of 10 s (Figure 4A).
To reduce the amount of non—CaH—dependent delayed
rectifier K™ cutrents through inactivation, cells were held at
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Figure 3 Effects of CCK-8S on AP of PCSMCs. A-C and E: CCK-8S (107 mol/L) suppressed the amplitude of AP to 38.6% = 3.2% (n = 15, P < 0.01); A, B, D and
F: CCK-8S (107 mol/L) decreased fast repolarization times (Tso) by 36.9% % 8.7% (n = 15, P < 0.01); A and E: Nifedipine (10° mol/L) blocked the effects of CCK-8S
on the amplitude of AP but failed to have any effect on Teo; B and F: Iberiotoxin (10° moliL) blocked the effects of CCK-8S on Te but failed to have any effect on the
amplitude of AP; E and F: Pretreating SMCs with devazepide (107 mol/L) blocked the CCK-8S-evoked effect on AP amplitude and Teo, whereas CI 988 had no such
effect. °P < 0.01 vs control group (CaPSS); "P < 0.01 vs CCK-8S group; °P > 0.05 vs control group.

0 mV for at least 2 min before being subjected to step de-
polarization"” and superfused with 3 mmol/I. 4-amino-
pyridine in the extracellular solutions'**". The application
of iberiotoxin (10” mol/I.) markedly blocked the inward
current by 79% (at +60 mV, 192 + 37 pA) (Figure 4A),
which demonstrated that this cutrent was Isxc.. CCK-8S
increased Iskcain a concentration-dependent manner (»

=8, P <0.05,at 10°,107 and 10° mol/L; ECs0 = 3.5 X

(44
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1080

10® mol/L; Figure 4B). Compared with the CaPSS control
group, CCK-8S (10" mol/I) enhanced peak Iskca depo-
latized to +60 mV by about 18.7% + 2.1% (from 916 *
183 pA to 1088 £ 226 pA, » = 8, P = 0.029) (Figure 4A).
Although this enhancement effect was blocked by pre-
treatment with 107 mol/L, devazepide (908 £ 109 pA,
n =18, P=0.012 p»s CCK-8S group, P = 0.083 »s control
group) (Figure 4A), the CCK2 receptor antagonist CI 988
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Figure 4 Effects of CCK-8S on lskca of PCSMCs. A: Current traces of lekca were recorded from -60 mV to +100 mV during 400 ms depolarization; B: CCK-8S
increased lexca in a concentration-dependent manner (ECso = 3.5 x 10°® mol/L); CCK-8S (107 mol/L) enhanced lsxca depolarized from -60 mV to +60 mV (from 916
+ 183 pAto 1088 + 226 pA; n = 8, P < 0.01); C: Current-voltage relationship of average peak lexca under each condition. CCK-8S-evoked enhancement of Iskca was

suppressed by devazepide (107 mol/L). °P < 0.05 vs control group (CaPSS).

(107 mol/L) had no effect (1052 £ 196 pA, n =8, P =
0.098 »s CCK-8S group).

When heparin (10° mol/L), an inhibitor of IPs re-
ceptors, was added to the pipette solution, Iskca in cells
depolarized to +60 mV was 813 £ 126 pA. CCK-8S
(10" mol/L) did not enhance Tsxca (879 £ 117 pA, # = 8,
P = 0.074 »s control group, P = 0.016 »s CCK-8S group)
(Figure 5A and B). To investigate whether the CCK-
8S-intensified effect on Isxca was mediated by the PKC
pathway, SMCs were pretreated with the PKC inhibitor
staurospotine (10° mol/L), and Texca in cells depolarized
to +60 mV was 835 + 112 pA. CCK-8S (107 mol/I.) had
no effect on Iskca (887 £ 120 pA; # = 8; P = 0.069 »s con-
trol group; P = 0.041 »s CCK-8S group; Figure 5C and D).

Effects of CCK-8S on Ica. in PCSMCs

With nystatin-perforated whole-cell voltage-clamp record-
ings, Icar was evoked by using a depolatizing step pulse
from a holding potential of -40 mV to +30 mV for 400 ms,
with an interpulse interval of 10 ms (Figure 6A). IcaL
reached a maximum value at around +10 mV and the in-
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watd current was markedly blocked by 80% by nifedipine
(10'5 mol/L), which indicated that this current was Icat
(Figure 6C). CCK-8S increased the amplitude of IcaLin a
concentration-dependent manner (z = 8, P < 0.05, at 10"8,
10" and 10° mol/I; ECso = 3.2 X 10 mol/I; Figure 6B).
When CCK-8S (107 mol/I) was applied for 3-6 min, the
amplitude of IcaL was augmented by about 40% (from
60 £ 8 pA to 84 + 11 pA), compared to the normal con-
trols (at +10 mV, » = 8, P = 0.012) (Figure 6A). Although
this enhancement effect was completely inhibited by
10" mol/L. CCK1 receptor antagonist devazepide (61 *
9 pA; at +10 mV, » = 8, P = 0.023 »s CCK-8S group, P =
0.079 »s control group) (Figure 6C), the CCK2 receptor
antagonist CI 988 (10" mol/1) had no effect (84 £ 11 pA,
n =10, P = 0.079 »s CCK-8S group). CCK-8S-intensified
Icar was reduced by 91.7 £ 5.6% by 10”° mol/L TG and
BA (7 £ 5 pA, at +10 mV, » = 8, P = 0.006 »s CCK-8S
group) (Figure 6C). The current-voltage relationships
are shown in Figure 0D. The peak current amplitudes of
Icar. under each condition were normalized relative to the
maximum control current amplitude.
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Figure 5 Heparin and staurosporine prevented CCK-8S-intensified lskca in PCSMCs. A and C: Current traces of Is«ca were evoked by a step from -60 mV to +60 mV; B:
When heparin (10° mol/L) was present in the pipette solution, CCK-8S (107 mol/L) did not increase lexca; D: CCK-8S (107 mol/L) failed to increase Is«ca in the presence of

staurosporine (10° mol/L).

When 10° mol/L hepatin was added to the pipette
solution, CCK-8S (1 0" mol/ L) had no effect on Icar (63
+ 12 pA, at +10 mV, » = 8, P = 0.183 »s control group, P
= 0.042 »s CCK-8S group) (Figure 7). When SMCs were
pretreated with 10° mol/I. PKC inhibitor staurosporine
for 10 min, CCK-8S (107 mol/L) did not increase Icar. (65
+ 10 pA, at +10 mV, » = 8, P = 0.215 »s control group; P
= 0.032 »s CCK-8S group) (Figure 7).

DISCUSSION

In the present study, we demonstrated that: (1) CCK-8S
prompted the contraction of guinea pig PCSM strips and
intensified Iskca and Icar. by CCK1 receptors via activa-
tion of the IPs-PKC signal transduction pathway; and (2)
CCK-8S increased AP amplitude through enhancing Icai,
and accelerated fast repolarization of AP by increasing
IBKca.

CCK has been implicated in the pathophysiology of
functional digestive diseases, such as IBS™ and exerts
its effects by two specific receptors, designated as CCK1
and CCK2, which are expressed in the colon and have

144

a high affinity for CCK-88"*"**"*). However, it remains
unknown which receptor plays a more important role in
mediating colon contractility. Our results showed that
CCK-8S not only promoted the mean contractility and
frequency of longitudinal PCSM strips, but also the mean
contractility of circular PCSM strips. Devazepide and CI
988 are CCK antagonists that are selective for the CCK1
and CCK2 receptor, respectively, and are used widely in
scientific research™”!, Pretreatment with CCK1 recep-
tor antagonist devazepide markedly abolished CCK-8S-
intensified contraction of PCSM strips, whereas CCK2
receptor antagonist CI 988 had little effect, thus indicat-
ing that CCK1 instead of CCK2 receptor plays a major
role in mediating the motility of the proximal colon. It is
consistent with the effect of CCK-8S on the gastric antral
smooth muscle” and human ascending colonic smooth
muscle!.

Elevation in [Ca’]i concentration is an important
function in the regulation of cell contraction and can be
accomplished by release from internal calcium stores,
extracellular Ca”* influx across the plasma membrane, or

both™?. Ca®*-ATPase inhibitor TG and [Ca”']i chela-
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Figure 6 Effects of CCK-8S, nifedipine and devazepide on lcaL in PCSMCs. A: Current traces of IcaL were recorded from -40 mV to +30 mV during 400 ms
depolarization; B: CCK-8S enhanced lcz1 in a concentration-dependent manner (ECso = 3.2 x 10°® moliL); CCK-8S (107 mol/L) increased lce+ depolarized from -40 mV
to +10 mV (from 60 + 8 pAto 84 + 11 pA; n = 8); C: CCK-8S-intensified Ica+ was markedly suppressed by devazepide (107 mol/L), nifedipine (10° moliL), TG and BA
(10° moliL); D: Current-voltage curves of whole-cell patch clamp under each condition. Compared with control, CCK-8S (107 mol/L) significantly enhanced Icat,
whereas devazepide, nifedipine, TG and BA inhibited IcaL. °P < 0.05 vs control group (CaPSS).

tor BA are used to deplete [Ca’"]i and are often used in
experiments to explore the role of intracellular calcium
stores and signaling pathwaysw’y’zg], whereas nifedipine
is often used to examine the role of extracellular Ca”*
influx”. We found that CCK-8S-evoked contraction of
PCSM was significantly antagonized by pretreatment not
only with CCK1 receptor antagonist devazepide, but also
with nifedipine, TG and BA, but CCK2 receptor antago-
nist CI 988 had little effect, thus indicating that CCK-
8S acts on the CCK1 receptor and enhances extracellular
Ca™" influx by L-type calcium channels and promotes
Ca™" release from intracellular calcium stores by intracel-
lular signaling pathways.

APs are responsible for the contractile activity of co-
lon SMCs. The upstroke of the AP is mainly the result of
calcium entry through L-type calcium channels, and the
number of APs within a certain period of time can be
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regarded as an indicator of contractility of gastrointestinal
SMCs"™. In this study, we demonstrated that CCK-8S
enhanced AP amplitude and shortened the period of fast
repolarization, by increasing AP generation as well as de-
polarizing RP. All these effects could be inhibited by pre-
treatment with CCK1 receptor antagonist devazepide, but
CCK2 receptor antagonist CI 988 had little influence. It is
also well known that contraction of gastrointestinal SMCs
results from the close interaction between the two mecha-
nisms: an initial peak caused by calcium release from
stores and a plateau phase caused by calcium influx™,
Based on these studies, we found that CCK-8S intensi-
fied Icav in a concentration-dependent manner, which was
significantly attenuated by pretreatment with devazepide
and nifedipine, but CI 988 exerted little effect, indicating
that extracellular calcium entry through L-type calcium
channels is essential for contraction of PCSM cells, and
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Figure 7 Heparin and staurosporine prevented CCK-8S-intensified lca. in PCSMCs. A: Current traces of IcaL were evoked by a step from -40 mV to +10 mV.
When heparin (10° mol/L) was present in the pipette solution, CCK-8S (107 mol/L) did not increase lscs; CCK-8S (107 mol/L) failed to increase lexca in the presence of
staurosporine (10° mol/L); B: CCK-8S-induced enhancement of lca in the absence and presence of staurosporine and heparin, respectively. °P < 0.05 vs CCK-8S group.

the increase in Icor induced by CCK-8S through CCK1
receptors can depolarize membrane potentials, which
may contribute to the decrease in RP. We also found that
the depletion of [Ca”i by the Ca”"-ATPase inhibitor TG
and [Ca’"]i chelator BA completely blocked CCK-8S-
intensified Icar. and contraction of PCSM. Moreover, the
characteristic of the current-voltage curve was not signifi-
cantly altered. Thus, we can suppose that [Ca’ '] stores are
primarily responsible for the CCK-8S-induced contrac-
tion, and this can lead to depolarization of the membrane,
which in turn leads to calcium influx through L-type cal-
cium channels, to cause a further increase in [Ca’ ' and,
ultimately, contraction of PCSMCs.

Large-conductance calcium activated potassium chan-
nels have been identified in guinea pig colonic SMCs, and
are associated with fast repolarization (repolarizing to
90% of the peak value of AP, To)"**". We thus studied
whether CCK-8S could also affect Iskca. We showed that
CCK-8S shortened the time to T9 and augmented Iskca
in a concentration-dependent manner, whereas this effect
was inhibited by potassium channel blocker iberiotoxin,
and the CCKI1 receptor antagonist devazepide, but the
CCK2 receptor antagonist CI 988 exerted little effect.
Furthermore, the characteristics of the current-voltage
curve were not apparently altered. Our results demon-
strated that CCK-8S shortened the refractory period and
accelerated the repolarization of the AP by increasing
IBkca, mediated by activation of CCK1 receptors, which
may enhance the contractile frequency and ultimately re-
sult in a synergistic effect on the contraction.

It is well established that IP3 and PKC play an impot-
tant role in the regulation of smooth muscle movement.
Activation of phosphatidylinositol (4,5) bisphosphate
can generate IP3, which binds to IPs receptors in the
sarcoplasmic reticulum (SR) and then induces the release
of Ca’* from the intracellular calcium stores, which im-
mediately activates PKC to exert its biological effects™.
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Likewise, serotonin promotes contraction of colonic
myocytes, mostly as a result of Ca”" release from SR fol-
lowing activation of the IPs pathway[m]. In addition, CCK-
induced gallbladder muscle contraction can be blocked
by the PKC inhibitor staurosporinem]. In agreement with
these results, we demonstrated that heparin, an inhibitor
of IPs receptors, blocked CCK-8S-intensified Ic.t and
Iskea in isolated PCSMCs. When cells were pretreated with
the PKC inhibitor staurosporine, CCK-8S had no effect
on Icarand Isxce These results may further indicate that
CCK-8S regulates Icar.and Iskca by activating the IP3-PKC
signal transduction pathway. However, the exact mecha-
nism by which CCK-8S enhances the activity of IPs-
mediated PKC has not been elucidated.

In conclusion, CCK-8S evokes contraction of the
proximal colon in guinea pigs, mainly by promoting Ca™
release from the SR and increasing Ca”" influx through
L-type calcium channels, vz the IP3-PKC signal transduc-
tion pathway by activation of CCK1 receptors. In addi-
tion, the decrease in AP duration is caused by the accelera-
tion of fast repolarization of AP by increased Iskc., and
the increase in AP amplitude results from enhancement
of Icar, which both ultimately contribute to the contrac-
tion induced by CCK-8S.

COMMENTS

Background

Cholecystokinin (CCK) acts as a hormone and neurotransmitter in the gastro-
intestinal tract, and regulates gut motility via two receptor subtypes, which have
been characterized as CCK1 and CCK2, although the direct electrophysiological
effect of CCK on the contractile activity of colon remains undetermined. The authors
investigated how CCK regulates colon contraction through CCK receptors.

Research frontiers

CCK has been implicated in the pathophysiology of functional digestive diseases.
In this study, the authors demonstrated the electrophysiological mechanisms that
mediate CCK octapeptide (CCK-8S)-induced contraction and the relationship
between the CCK-8S-triggered protein kinase C (PKC) and Ca™ signaling
pathways in colon smooth muscle cells.
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Innovations and breakthroughs

The present study has proved that: (1) CCK-8S elicited stimulant effects on the
motor activity of guinea pig proximal colon through CCK1 receptors, following
activation of the inositol trisphosphate (IP3)-PKC signal transduction pathway; and
(2) the decrease in action potential (AP) duration was caused by acceleration of
fast repolarization of the AP by increased large conductance potassium channel
currents, and the increase in AP amplitude was caused by enhancement of
L-type calcium current, which both ultimately contribute to the contraction induced
by CCK-8S. This is believed to be the first report on the electrophysiological
mechanisms of proximal colon contraction evoked by CCK-8S in guinea pigs.
Applications

The results of this study indicate that CCK stimulates proximal colon contraction
through CCK1 receptors following activation of the IPs-PKC signal transduction
pathway, which could be useful in further study of functional digestive diseases,
such as irritable bowel syndrome.

Peer review

This appears to be a well executed piece of work. The authors have established
clearly that CCK-8S stimulates the contraction of colonic circular and longitudinal
muscle through the CCK1 receptor, and that enhanced Ca effects are involved.
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