[UCI]1804: 24011- 200000231754

A7 AZ9] interstitial cells of Cajaloll A
7158 F=ito] Aol digt
Prostaglandins®] &3

The Effects of Prostaglandins on Pacemaker Currents
in Cultured Interstitial Cells of Cajal Isolated

from Murine Small Intestine

2005% 2H H

SRR KB

AN V4

(it



AF 479 interstitial cells of CajalolA]
%9 FEgol Al g
Prostaglandins®] &3}

HE & %W

o] N e BEMILE BREFRNoE RIS

po|

20044 10H 21H

PR KL
5 2 fl

AF Ot JE



[
=

#E

=7]
wia

AP o] MBS

il
k¥

g

A A A B

24 KB HT

hiliig

H

20045 12A

IR KEERE



CONTENTS

= NSRS o
I INTRODUGCTION «wereeereeesrassrssnesessssessesssnenssnnees 4
II. MATERIALS and METHODS -eeeoeeeseeseeeeneeenee 7
[[L. RESULTS weeeereeseesesrsessesssnsrsesssersssssssessenssenes 10
IV. DISCUSSION sereerererssersssesrererseasessssesessssessessenns 28
V. SUMMARY +eereeeeserersrasasessssssssassssasessasessssasssasens 33
VL. REFERENCE +++erereressssssrersessssessurensssssesnsssens 36



% 28
A7 239 interstitial cells of CajaldlA] 7| E4 3Fx 70|
Aol i3k prostaglandins®] &3}
3 3 4

A=nwg: g vk $-

¥

ZAdsha Bsre o5t

Interstitial cells of Cajal (ICC)2 & e] Fxzto] MEZ, FH 28 A7)
A g5 AEE 715 L VAT oy, AAFAGEE B S22 F2 Yy

A B s 23] - AujE W Prostaglandins (PG)o] &Aool o

o

3 7)

—

olf
tlo

ARGE Be ATRIE Ba) ALGAG TAYL o S5te] 4 £
Foz e wPE ICCAM BHstE Fuito] A7 BFE 2 AES gjg
PG &} o] Adol4 BEFAT

IcCE AtnAelA L FEgo] AFE ReiFTh WF ARIAE
_452 + 30 pAolT WF WEE B 18 + 2 Holthn = 6). B4 AHiolA PGE;
S PGL (1 uM) AN BF AFA7]9 s 25E A8, T4 A5

= vlog 3Fale wWifo=m %—7}’\]?&‘:} PGF2. ¢ ¢FA ¥ thromboxane AzQ!



U-46619 1223 PGD 1 uMA 2] A F FE 25 FE o] AFES oA ARA
PGEx9t= €] Fdele] AR oz st wagoz 74 Ao ICCoAA
e E Frito]l AfFel e PGE: JA A o] Bojsls EP 84 o}3 & s}
7] Y18 EP &3 A& E 24319 EP2 83 239 butaprostE 3 AMAd
Bl 9] pacemaker AFol 1 uM H2lAl AF A7), W% 25 S A&t 2}

’

EP13} EP3 4-A] 4349 sulprostone 1 yM 2 93

filo

F2 Zhcth gukEl
PG &3E cyclic nucleotide 2]&AQ AT AGHNAE o] &§rtE 7|& HIE
%3, o] AFNXE adenylate cyclase JA AN SQ-22536Z 100 uML A} 3k
A3} ICCY pacemaker AFo] & &S BAAFR 2},

oo HAEANE TFNEAE PGE A 22 ICCAA LA 8= pacemaker A

P
5

4stgich. 53 $=go] AFE 9Alshe PGE, A3 EP2 £4418 53

of o] Fo1 ™, cyclic AMPAA B E P88/ o] FolA = Aoz Alzd

FA o] : Interstmal cells of Cajal, PG, EP2 &4



Introduction

Prostaglandins (PG) are widely distributed throughout the gastrointestinal

tract and play a significant role in the physiology and pathophysiology® @™
10 There is many report that PG affect water and electrolyte transport,

mucous secretion and blood flow etc?®, Especially, PG act as local regulatory

agents controlling smooth muscle éontractile activity at different levels of the

4, 30. 35

digestive tract, in particular the small intestine This action is
extremely variable, depending on the concentration, the organ, the species
and even the muscle layer studied'”'* %, In generally, PIGEQ is well known to
contract the longitudinal muscle and to relax the circular one in human and
various animal species'® %,

The relatively large number of haturally occurrihg prosfanoids, their high
potencies, and the variety of the responses: elicited by them in different cells
throughout the mammalian body made this an ideal area in which to study
receptor subtypes. The classification of receptors into DP, EP, FP, IP and TP
recognised the fact that receptors exist that are specific for each of the five

naturally occurring prostanoids, PG Dy, Eg, Fa,, Iz and TXAq, respectively; it is

certainly not true of catecholamines, tachykinins, or leukotrienes. Evidence



arose for a subdivision within the the EP receptor family. There is now
subdivision within the EP receptor family. There is now evidence for the
existence of four subtypes of EP receptors, termed arbitrarily EP1, EP2, EP3
and EP4. The recent cloning and expression of receptors for the prostnoids
has not only confirmed the existence of at least four of the five classes of
prostanoid receptor, EP, FP, IP and TP, but has also supported the
subdivision of EP receptors into at least three subtypes, corresponding to
EP1, EP2 (or EP4) and EP3. The current classification and nomenclature of
prostanoid receptors is summarized in table 1.

Many regions of the tunica muscularis of the gastrointestinal tract display
spontaneous contraction and these spontaneous contractions are mediated by
the periodic generation of electrical slow waves®, Recent studies have been
shown that the interstitial cells of Cajal (ICC) act as pacemakers and
conductors of electrical slow waves in gastrointestinal smooth muscles!® 2> %"
3239 Although the exact mechanisms for these events still remain unclear,
several repo;ts suggest that endogenous agents such as neurotransmitter,
hormones and paracrine substances can modulate gastrointestinal tract

motility by influencing the interstitial cells of Cajal (ICC).

Previous studies have shown that PG have function in gastrointestinal tract*



30-35 Therefore, in this study, I investigated the possibility that PG may have
effects on electrical properties of cultured ICC cells and also EP receptor

subtypes involved these effects were characterized.



Materials and Methods

Material

SC-19220, butaprost and sulprostone were purchased from Cayman
Chemicals. Prostaglandin Fz,, U-46619, Prostglandin Dz and Prostglandin I
were purchased from Calbiochem Co. and prostaglandin E; was from the
Sigma Chemical Co. To prepare stock solutions, all drugs were dissolved into

DW or DMSO and stored at -20 °C.

Preparation of cells and tissues

Balb/C (8-13 days old) of either sex were anethetized with ether and
sacrificed by cervical dislocation. The small intestines from 1 cm below the
pyloric ring to the cecum were removed and opened along the mesenteric
border. Luminal contents were washed away with Krebs-Ringer biéarbonate
solution. The tissues were pinned to the base of Sylgard dish and the mucosa
removed by sharp dissection. Small tissue stripes of intestinal muscle (both
circular and longitudinal muscles are contained) were equilibrated in
Ca®*"-free Hanks solution containing 5.36 an KCl, 125 mM NaCl, 0.34 mM

NaOH, 0.44 mM NazHCO3, 10 mM glucose, 2.9 mM sucrose and 11 mM



HEPES for 30 min. And then cells were dispersed with an enzyme solution
containing collagenase (Worthington Biochemical Co, Lakewood, NJ, USA)
1.3 mg/ml, bovine serum albumin (Sigma Chemical Co., St. Louis, MO, USA) 2
mg/ml, trypsin inhibitor (Sigma) 2 mg/ml and ATP 0.27 mg/ml. Cells were
plated onto sterile glass coverslips coated with murine collagen (2.5 pg/ml,
Falcon/BD) in 35 mm culture dish. The cells were then cultured at 37 °C in a
95 % 02-5 % CO: incubator in SMGM (smooth muscle growth medium,
Clonetics Corp., San Diegd, CA, USA) supplemented with 2 %
antibiotics/antimycotics (Gibco, Grand Island, NY, USA) and ﬁurine stem cell
factor (SCF, 5 ng/ml, sigma). Interstitial cells of Cajal (ICCs) were indentified
immunologically with a monoclonal antibody for Kit protein (ACKZ2) labelled
with Alexa Fluor 488 (molecular prove, Eugene, OR, USA). The morphologies
of ICCs were distinct from other cell types in the éulture, so it was possible
to identify the cells with phase contrast microscopy once the cells were

verified with ACK2-Alexa Fluor 488 labeling.

Patch clamp experiments
The whole-cell configuration of the patch-clamp technique was used to

record membrane currents (voltage clamp) and potentials (current clamp)



from cultured ICCs. Axopatch 1-D (Axon Instruments, Foster, CA, USA)
amplified membrane currénts and potentials. Command pulse was applied
using a IBM-compatible personal computer and pClamp software (version
6.1; Axon Instruments). The data were filtered at 5 kHz and displayed on an
oscilloscope, a computer monitor and a pen recorder (Gould 2200, Gould,
Vally view, OF, USA). The cells were bathed in a solution containing 5 mM
KCI, 135 mM NaCl, 2 mM CaClz, 10 mM glucose, 1.2 mM MgCl; and 10 mM
HEPES adjusted to pH 7.2 with tris. The pipette solution contained 140 mM
KCl, 5 mM MgCls, 2.7 mM K:ATP, 0.1 mM NaxGTP, 2.5 mM creatine
phosphate disodium, 5 mM HEPES, 0.1 mM EGTA adjusted to pH 7.2 with
tris.

Results were analyzed using pClamp and Graph Pad Prism (version 2.01)

software. All experiments were performed at 30 °C.

Statistical analysis

Data were expressed as means t standard errors. Differences in the data
were evaluated by Student's t test. A P values less than 0.05 were taken as a
statistically significant difference. The n values reported in the text refer to

the number of cells used in patch—-clamp experiments.



Results

Spontaneous inward currents and depolarizations in ICC

Under a voltage clamp at a holding potential of =70 mV, ICC showed
spontaneous inward currents, which is referred to as pacemaker current (Fig.
1A). The frequency of the pacemaker currents was 14 + 1.6 cycles/min and
the amplitude and resting current level were =420 £ 57 pA and -22 % 18 pA,
respectively (bar graph not shown). Converting the amplifier to current clamp
mode, spontaneous depolarization was generated in ICC (Fig. 1B). In the

remainder of the experiments, I used a constant holding potential of —70 mV.

Effect of PGEz, PGF2: and TXAz on pacemaker currents in cultured ICC

Previous reports suggested that naturally occurring prostaglandins (PGs)
exist PGs Dz, Ez, Fa, Iz and TXA2?* '°. Under control conditions at a holding
potential of -70 mV, the frequency, the amplitude and resting current level
were 15 + 1.8 cycles/min, -418 £ 39 pA and -24 * 12 pA. When applied to
PGE: (1 pM) in ICC, pacemaker currents was decreased both the frequency
and the amplitude of pacemaker currents and increased the resting currents

in the outward direction under voltage—clamp conditions (Fig. 2A). In the

_10_



presence of PGEz (1 uM), the resting currents were —10 = 15 pA. Also, the
corresponding frequencies and amplitude were 3.2 = 0.8 cycles/min and
-26.4 + 28 pA (Bar graph not shown; n = 9). In presence of PGFz (1 uM)
under voltage—clamp control condition, pacemaker currents also were
inhibited (Fig. 2B). PGF3 decreased the frequency and the amplitude of
pacemaker currents in ICC. But, in case of resting currents, PGF,, decreased
in the inward direction of pacemaker currents. I also tested the effects of
U-46619 (1 uM), a stable thromboxane Az, on pacemaker currents under
voltage-clamp mode. In presence of U-46619, the frequency, the amplitude
and the resting current level of pacemaker currents had changed as same the
a.ctions of PGF2 (Fig. 2C). These results suggested that PGE; and PGFa,,
TXA: inhibited the frequency and amplitude of pacemaker currents. But the
inhibitory effects of PGE2 and PGFa, TXA2 on pacemaker currents in ICC
may have each different signal pathway or mediate each other channels.
Therefore, in naturally occurring prostaglandins (PGs), I found that PGE,,
PGF2, and TXA? inhibited the pacemaker currents in cultured ICCs, but the

actions of PGE2 on resting current differed from that of PGF2, and TXA..

Effect of PGlz and PGD2 on pacemaker currents in cultured ICCs
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Under control conditions at a holding potential of -70 mV, the frequency, the
amplitude and resting current level were 15 £ 1.8 cycles/min, -418 + 39 pA
and -24 £ 12 pA. When applied to PGIz (1 uM) in ICC, pacemaker currents
was decreased both the frequency and the amplitude of pacemaker currents
and increased the resting currents in the outward direction under
voltage—-clamp conditions (Fig. 3A). In the presence of PGl (1 pM), the
resting currents were -7 £ 12 pA. Also, the corresponding frequencies and
amplitude were 2.8 £ 0.6 cycles/min and -19.5 = 8 pA (Bar graph not shown;
n = 9). In presence of PGD; (1 uM) under voltage-clamp control condition,
pacemaker currents also were inhibited (Fig. 3B). PGD; decreased the
frequency and the amplitude of pacemaker currents in ICC. But, in case of
resting currents, PGD2 decreased 'in the inward direction of pacemaker
currents. Therefore, in naturally occurring prostaglandins (PGs), taken
together with figure 2, results suggested that PGE2, PGF2, TXAjz PGIl» and
PGD; inhibited the pacemaker currents in cultured ICCs, but the actions of

PGE; and PGI2 on resting current differed from that of PGF2,, TXA2, PGDs.

Dose-dependency of PGE: actions on pacemaker currents in cultured ICC

In previous results, I found that PGE; have inhibitory effects on

_12_



pacemakercurrents in cultured ICC. At present, I tested that PGE; have
whether dose~dependent or not inhibitory effects on pacemaker currents in
cultured ICC. Under a voltage clamp at a holding potential of -70 mV, ICC
generated spontaneous inward currents. The frequency of the pacemaker
currents was 13 £ 1.4 cycles/min and the amplitude and resting current level
were =360 * 42 pA and -27 +9 pA, respectively (n = 6). In dose-dependent
experiments with PGEg, the addition of 10 and 100 nM PGE: slightly
decreased the amplitude and the frequency of pacemaker currents in ICC,
Also, 10 and 100 nM PGE; a little increased resting currents in the outward
direction (Fig. 4A and B). In the treatment of 10 and 100 nM PGE;, the
frequency were 10 £ 2.6 cycles/min at 10 nM and 8.3 £3.2 cycles/min at 100
nM and the resting currents and amplitudes were -24 + 7 pA and -196 + 32
pA at 10 nM and -20 £ 8 pA and -127 * 26 pA at 100 nM (n = 7; Fig. 5, 6
and 7). In presence of 1 and 10 pM PGE:2 under voltage—clamp condition,
pacemaker currents were largely inhibited by 1 and 10 uM PGE2 and also
increased the resting currents in outward direction (Fig. 4C and D). The
inhibitory frequency and amplitudes by PGE2 were 2.1 £ 1.8 cycles/min and
-20.9 £ 16 pA at 1 yM PGE; and 1.8 £ 1.4 cycles/min and -16 £ 19 pA at 10

pM PGE,. The resting current level were -6 * 2.9 pA at 1 yM PGE; and -4 £
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3.6 pA at 10 uM PGE: (n = 7; Fig. 5, 6 and 7). These results suggested that
PGE: inhibited pacemaker currents in dose—-dependent manner in cultured

ICC.

Characterization of EP receptor subtypes involving the effects of PGE2 on
pacemaker currents in cultured ICC

There is now evidence for the existence of four subtypes of EP receptor,
termed arbitrarily EP1, EP2, EP3 and EP4. In this study, I checked what of
EP receptor subiypes mediate the inhibitory actions of PGE; on pacemaker
currents in cultured ICC. First, I examined the effects of thaprost, a
selective agonist for the EPZ receptor subtypé, on pacemaker currents in
cultured ICC. In addition of butaprost (1 uM) on spontaneous pacemaker
currents in control conditions, butaprost caused a reduction in spontaneous
inward currents frequency and amplitude in cultured ICC (Fig. 8A) and also
increased the resting currents in the -outward direction (n = 5; Fig. 9A, B and
C) (Control : Butaprost; The resting currents = -51 & 12 pA : -49 *+ 24 pA;
The amplitude = -378 £ 39 pA : -68 £ 29 pA; The frequency = 17 *+ 1.9
cycles/min : 6 £ 1.4 cycles/min). These results were similar that of PGE;

treatments in previous results. For examining other EP receptor subtypes,
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sulprostone, an EP3 and EP1 receptor agonist, was used. In presence of
sulprostone (1 pM), sulprostone had no effects of the frequency and the
amplitude on pacemaker currents in ICC. In resting currents on pacemaker
currents, sulprostone also had no effects in cultured ICC (data not shown).
For the reason that sulprostone have the affinity both on EP3 and EP1
receptor subtypes, examining for this, SC-19220, an EP1 receptor
antagonist, was used in this studies. Under control condition, ICC generated
spontaneous pacemaker currents. Then pretreatment of SC-19220 (1 yM) did
not have any influence and co-treatment of SC-19220 (1 uM) and
sulprostone (1 uM) also did not have the effects on pacemaker currents (Fig.
8B). These results suggest that PGE; inhibited the pacemaker currents in ICC

by stimulating of EPZ subtype receptors.

PGE:-induced pacemaker currents inhibition not mediating adenylate cyclase
pathway

~ For investigating inhibitory effects of PG on pacemaker currents whether or
not by the cyclic nucleotide-dependent pathway, SQ-22536, an inhibitor of
adenylate cyclase were used. Preincubation of SQ-22536 (100 gM) for 10

min had not effects on control states of pacemaker currents and then
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co-treatment of SQ-22536 (100 pM) and PGE; (0.1 uM) still inhibited the
pacemaker currents {n = 5; Fig. 10A). That is, SQ-22536 had no influence on
PGE;-induced inhibition of pacemaker currents. Also, the treatment of PGI,
by preincubation of SQ-22536 (100 puM) for 10 min PGI: (0.1 uM) still
inhibited the pacemaker currents (n = 5; Fig. 10B). These results suggest
that SQ-22536 itself had no effect on pacemaker currents and cyclic AMP

is not mediate the inhibition of pacemaker currents by PGE: and PGI;.

_16_



Table 1

Classification and nomenclature of prostanoid receptors with

selective agonists and system of response transduction

. . Transduction
Receptor/subtype Selective agonists
system
DP BW 245C, RS93520 |cAMP via G protein
EP
EP1 Iloprost, PGE; Intracellular Ca?*
Butaprost, . )
EP2 . cAMP via G protein
Misoprostol
Enprostil, ) .
EP3 cAMP via G protein
: Sulprostone
EP4 None cAMP via G protein
Fluprostenol,
FP PI turnover
Prostalene
IP Cicaprost, Iloprost |cAMP via G protein
TP U46619, SQ 26655 PI turnover
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B

S

Current holding

Fig. 1. Spontaneous inward currents and depolarizations in
cultured ICCs of the murine small intestine. (A) Under a voltage
clamp at a holding potential of =70 mV, ICCs showed spontaneous
inward currents oscillations, called pacemaker currents. (B)
Under a currents clamp mode, spontaneous depolarization was

generated from the same cell.
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PGE, 1 uM

PGFy, 1 pM

e~ T
e

Fig. 2. Effects of prostaglandins (PGs) on pacemaker currents.

Under control conditions at a holding potential of =70 mV, (A)
PGE; (1 pM) inhibited the amplitude and the frequency of
pacemaker currents and increased the resting currents in the
outward direction in ICCs. (B) and (C) PGF2, and U-46619, a TP
receptor agonists, inhibited the amplitude and the frequency of
pacemaker currents but decreased the resting currents in the

inward direction in ICCs.
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PGL, 1 uM
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Fig. 3. Effects of prostaglandins (PGs) on pacemaker currents.

Under control conditions at a holding potential of =70 mV, (A)
PGI; (1 uM) inhibited the amplitude and the frequency of
pacemaker currents and increased the resting currents in the
outward direction in ICCs. (B) PGD:; (1 uM) inhibited the
amplitude and the frequency of pacemaker currents but
decreased the resting currents in the inward direction in ICCs.
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Fig. 4. Dose-dependent effects of PGEz on pacemaker currents in
cultured ICCs of the murine small intestine. (A), (B), (C) and (D)
show the pacemaker currents of ICCs exposed to PGE; (0.01, 0.1,
1 and 10 uM) at a holding potential of =70 mV.
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Fig. 5. Dose-dependent effects of PGE2 on the resting currents of

pacemaker currents in cultured ICCs of the murine small
intestine. Figure shows the summarized resting currents of ICCs
exposed to PGE; (0.01, 0.1, 1 and 10 uM) at a holding potential of
=70 mV. Those noted with * were significantly different from the
controls (p < 0.05).
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Fig. 6. Dose-dependent effects of PGE: on the frequency of
pacemaker currents in cultured ICCs of the murine small
intestine. Figure shows the summarized frequency of ICCs
exposed to PGE; (0.01, 0.1, 1 and 10 uM) at a holding potential of
=70 mV. Those noted with * were significantly different from the
controls (p < 0.05).
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Fig. 7. Dose—-dependent effects of PGE; on the amplitude of
pacemaker currents in cultured ICCs of the murine small
intestine. Figure shows the summarized amplitude of ICCs
exposed to PGE; (0.01, 0.1, 1 and 10 uM) at a holding potential of
=70 mV. Those noted with * were significantly different from the
controls (p € 0.05).
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I]fl \« w.
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Fig. 8. Effects of EP2 (butaprost) and EP3 (sulprostone) receptor
agonists on spontaneous inward currents from cultured ICCs. (A)

Butaprost (1 pM) caused decreased the frequency and the
amplitude in spontaneous inward current and increased the
resting currents in outward directions. (B) In pretreatment with
an EP1 antagonists (SC 19220, 10 uM), sulprostone (an EP3 and

EP1 agonists, 1 uyM) had no effects on pacemaker currents.
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Fig. 9. (A) The effects of Butaprost (1 uM) on resting currents of
pacemaker currents in ICC. (B) The effects of Butaprost (1 uM)
on frequency of pacemaker currents in ICC. (C) The effects of
Butaprost (1 pM) on amplitude of pacemaker currents in ICC.
Each bar represents the mean £SE. (n = 5/group). Those noted
with * were significantly different from the controls (p < 0.05).
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A SQ-22536 100 uM
PGE, 1 M

200 pA l

1 min

B SQ-22536 100 uM
PGL, 1 uM

Fig. 10. Effects of SQ-22536, an inhibitor of adenylate cyclase on
pacemaker currents in cultured ICCs. (A) Pretreatment of
SQ-22536 (100 pM) had no effects on the inhibitory effects of
PGE; (1 uM) on spontaneous inward currents (B) Pretreatment of
SQ-22536 (100 uM) also had no effects on the inhibitory effects
of PGIz (1 uM) on pacemaker currents in cultured ICCs.
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Discussion

Prostaglandins (PG) act as local regulatory agents controlling smooth muscle
contractile activity and PG of the E: type have been shown to contract
intestinal longitudinalsmooth muscle and relax circular smooth muscle!® %,
These means that PG may be regulate gastrointestinal motility. Also, because
interstitial cells of Cajal generated electrical slov& waves that are basic
determinant of gastrointestinal motility, PGE; may have the effects on slow
waves in ICC for controlling of gastrointestinal motility. Here, I demonstrate
that PG have the inhibitory effects on pacemaker currents in ICC. In addition
to, PGE: receptor subtypes that involve ﬁhe inhibitory effects of PGE; on
pacemaker currents were characterized.

The enzyme fatty acid cyclooxygenase is distributed in the gastrointestinal
tract and converts eicosatetraenoic acid (arachidonic acid) primarily to
prostacyclin (prostaglandin Iz) and, to a lésser extent, to PGEz, PGFy, and

18, 26, 28

thromboxane Aj'" . In previous functional studies on motility of

gastrointestinal tract, generally PGEz contract the longitudinal smooth muscle

8

layer of the small intestine and relax the circular layers' % In contrast, PGFz,

contract both smooth muscle 1ayer52. That is PGE; and PGF2, have function
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on motility but may have different actions in gastrointestinal tract. In cultured
ICC, Fig. 2A and B showed that PGE; and PGFy, inhibited the frequency and
the amplitude on pacemaker currents. But, in the case of resting currents on
pacemaker currents, PGE: and PGF2, showed reverse actions. PGE;
increased the resting currents in the outward direction but PGFy, in the
inward direction. Therefore these results suggest that, in ICC, PGE; and
PGFg, have the inhibitory effects on pacemaker currents but may modulate
different signal pathway. In taken together action of PGs, PGE2 and PGI;
inhibited the pacemaker currents and increased the resting currents in the
outward direction but PGFy, TXA; and PGD; decreased the resting currents
in the inward direction.

In case of concentration, many reports suggest that PGE; have dual effects.
PGE; have been shown to suppressive effects in low concentration but
-activated in high concentration on colonic motility of rabbit in vivo and vitro
studies and on stomach mechanical activity of guinea-pig'!. In this study,
PGE; showed only the inhibitory effects on pacemaker currents in
dose-dependent manner and, at 1 nM and moreover a less 100 pM, PGE;
showed slightly the inhibitory effects or no effects on pacemaker currents

(data not shown). Despite of many reports about PGE: dual actions, PGE,
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have only the inhibitory effécts on pacemaker currents in this study and the
effect was dose—dependent manner in cultured ICC.,

The recent cloning and expression of receptors for the prostaglandins (PG)
has not only confirmed the existence of at least four of the five classes of
prostagland receptor, I[P (for PGI2 binding), FP (for PGF> binding), EP (for
PGE; binding) and TP(for TXA: binding), but has also supported the
subdivision of EP receptors into at least three subtypes, corresponding to
EP1, EP2 (or EP4) and EP3. There is reported a selective agonist and
antagonist for each EP receptor. To date, butaprost appears to be the most
selective agonist for the EP2 receptor subtype'®. Sulprostone is active at the
EP1 and EP3 receptor®®, while currently no selective agonists for the EP4
receptor subtype. SC19920 is an antagonist known to block the EP1
receptorsa, but as yet antagonists for EP2 and EP3 receptors have not been
described. In this study, butaprost showed the inhibitory effects on
pacemaker currents in cultured ICC and the aspect of butaprost effect is
sifnilar that of PGE; effect. But, in case of sulprostone, there was no effect
on pacemaker currents (data not shown) and before the addition of
sulprostone, pretreatment of SC19920 for blocking of EP1l receptor also

showed that sulprostone had not effects on spontaneous inward currents in
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cultured ICC. This fact indicates that PGE; have influence on pacemaker
currents in ICC by stimulating the EP2 receptor subtypes.

Almost all of the studies of prostanoids and second messengers until the late
1980s were concerned with cyclic nucleotides, particularly cAMP. Butcher
and colleagues were the first to demonstrate an association between PGs and
cAMP®, and although their observation made little initial impact, it became
increaseingly accepted that E~series PGs at least were capable of stimulating
adenylyl cyclase to cause increases in intracellular cAMP?, Several reports
suggested the participation of cAMP on PGs actions, especially the EP2
receptor. The results of Simon et al.?® provide indirect evidence for positive
coupling of an EP receptor to adenylate cyclase, but more direct evidence

1.14

has been provided by Hardcastle et al.”*, in their demonstration of an

association between EP2 receptors and cAMP generation in enterocytes.

” found an association between EP2

Similarly, Jumblatt and Peterson'
receptor stimulation and cAMP generation in corneal endothelial cells.
Furthermore, in cells expressing the recombinant murine EP2 receptor, PGE;
increased the intracellular cAMP level without any change in inositol

phosphate content'®, These several reports predict that, on pacemaker

currents in ICC, PGE; may have the actions of cAMP signaling pathway.
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Namely, in ICC, the generation of pacemaker currents may involve the cAMP
signaling. But interestingly, in preparation study (data not shown), the
treatment of 8-bromo-cAMP (cell-permeable cAMP analog) on control
pacemaker currents not showed any effects. Also pretreatment of SQ-22536,
an inhibitor of adenylate cyclase, did not show any influence of PGE; and
PGI; actions on pacemaker currents. In putting various reports and results,
PGE; and PGl have function in diverse cells and tissues by modulating of the
cyclic AMP-dependent pathway but in ICC, PGE; and PGI; have inhibitory
actions on pacemaker currents by not-mediating the cyclic AMP-dependent
pathway. In ICCs, further experiments of PGE: and PGI; actions must be
needed, especially on second messenger.

In summary, the results of the present study indicate that PG alter direétly
the pacemaker currents in ICC. The involved PGE; receptor subtypes are the
EP2 receptor and the effects of PGE; and PGI2 on pacemaker currents are

not mediated via cyclic AMP- pathway.
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Summary

The interstitial cells of Cajal (ICC) are the pacemaker cells in gastrointestinal
tract and generate electrical rhythmicity in gastrointestinal muscles.
Therefore, ICC may be modulated by endogenous agents such as
neurotransmitter, hormones etc. Because of many previous reports about the
actions of prostaglandins (PG) on gastrointestinal tract, here I investigated
the effects of prostaglandins on pacemaker currents in cultured interstitial
cells of Cajal (ICC) from murine small intestine by using whole-cell patch
clamp techniques.

ICC generated spontaneous slow waves under voltage-clamp conditions and
showed a mean amplitude of -452 +39 pA and frequency of 18 £ 2
cycles/min (n = 6). Treatments of PGE; (1 uM) decreased both the frequency
and amplitude of the pacemaker currents, and increased the resting currents
in the outward direction. In case of PGFz, (1 uM) and U-46619 (1 uM, a
stable thromboxéne Ajz), they had the inhibitory effects on pacemaker
currents, but decreased the resting currents in the inward direction. Also,
treatments of PGI. decreased both the frequency and amplitude of the

pacemaker currents and increased the resting currents in the outward
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direction. In case of PGDz had the inhibitory effects on pacemaker currents
but decreased the resting currents in the inward direction. For
characterization of EP receptor subtypes involving the effects of PGE2 on
pacemaker currents in ICC, EP receptor agonists were used. Butaprost (1 n
M), EP2 receptor agobnist, caused a reduction in the spontaneous inward
current frequency and amplitude in cultured ICC (n=5). But sulprostone (1 n
M), a mixed EP1 and EP3 agonist, had no effects on the frequency, amplitude
and resting currents of pacemaker currents (n=5). To investigate possible
regulation of pacemaker currents by the cyclic nucleotide~dependent
pathway in PGE2 and PGl treated cells, SQ-22536 (an inhibitor of adenylate
cyclase) were used. In cultured ICC, SQ-22536 (100 pM) had no effects on
PGE; and PGI; actions of pacemaker currents.

These observations indicate that PG alter directly the pacemaker currents in
ICC. The involved PGE2 receptor subtypes are the EP2 receptor and the
effects of PG on pacemaker currents are not mediated via cyclic AMP-

dependent pathway.
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